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The Proceedings: Explanatory Note
These proceedings of the meeting comprise a statement of the recommendations supported by
executive summaries of the papers presented. They are published in this form to permit early
availability of the Group's findings. Readers requiring copies of the complete text of one or more
of the contributed papers may obtain them from the Program Leader, Pulses Improvement
Program, ICRISAT, Patancheru P.O., A.P. 502 324, India.
Except where required in the naming of organizations or projects, "groundnut" is used in place
of "peanut" throughout. Similarly, "grain legumes" has been used for "food legumes", for
consistency.
The latin binomials for the three principal grain legumes in these proceedings are as follows.
Groundnut: Arachis hypogaea L.
Chickpea: Cicer arietinum L.
Pigeonpea: Cajanus cajan (L.) Millsp.
Selected acronyms used in the text are as follows.
International Agricultural Research Centers
AVRDC: Asian Vegetable Research and Development Center
CIAT: Centro Internacional de Agricultura Tropical
ICARDA: International Center for Agricultural Research in the Dry Areas
IFPRI: International Food Policy Research Institute
IRRI: International Rice Research Institute
UN Agencies
FAO: Food and Agriculture Organization
UNDP: United Nations Development Programme
Other International Agencies/Groups
ASEAN: Association of South-East Asian Nations
EEC: European Economic Community
IADS: International Agricultural Development Service
IDRC: International Development Research Centre
SEARCA: South-East Asian Research Center for Agriculture
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The f o l l o w i n g recommendations from the Consu l ta t i ve Group are
der ived from two documents submit ted f o r adopt ion du r ing the f i n a l
p lenary session by two committees, the core membership of which had
been se lec ted on a geographica l b a s i s . Thei r members and chairmen
were as f o l l o w s .
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Committee 2 ( f o r Indones ia , Malays ia , the P h i l i p p i n e s ,
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Mr N.R. Abu Bakar
Mr J o j i A r iha ra
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Dr (Ms) G.J . Persley
Dr R.B. Singh
Dr Sad ik in Somaatmadja
Mr Preecha Suriyapan
Mr E.S. W a l l i s
Organization
• Crop improvement and r e l a t e d cropp ing systems and socioeconomic
research has a l ready achieved use fu l r e s u l t s in the r e g i o n , and
the concept of an Asian Regional Legume Research Program
concerned w i t h groundnut, pigeonpea, and chickpea is endorsed. A 
Coordinator should be appointed by ICRISAT soon, to assume
leadersh ip of the Program from a base at ICRISAT Center .
• The Coord inator should have the f o l l o w i n g r o l es and
r e s p o n s i b i l i t i e s .
a . To i n t e n s i f y ICRISAT's research work in r e l a t i o n to e x i s t i n g
n a t i o n a l research a c t i v i t i e s in the r e g i o n , and to coord ina te
and ca ta lyze research work o v e r a l l as w e l l as in respect of
s p e c i f i c research problems.
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b. To e s t a b l i s h a c o l l a b o r a t i v e network compr is ing i n t e r n a t i o n a l ,
r e g i o n a l , and n a t i o n a l research o rgan iza t i ons by ar rang ing
meet ings, seminars, and workshops, and by enhancing the
exchange of m a t e r i a l s , methods, and i n fo rma t i on between
ICRISAT and n a t i o n a l programs.
c. To develop l i n k s between reg iona l and n a t i o n a l programs and
donor o r g a n i z a t i o n s .
d. To coord ina te the t r a i n i n g of s t a f f from n a t i o n a l programs by
ICRISAT.
e. To f a c i l i t a t e the t r a n s f e r w i t h i n the reg ion of germplasm
requ i red f o r crop improvement.
Research Needs and Strategies
Constraints to Production and Related Research Priorities
Research a c t i v i t i e s should be coord inated in keeping w i t h the major
and minor p r i o r i t i e s i nd i ca ted in the f o l l o w i n g schedule.
Groundnut
Major c o n s t r a i n t s : Leaf spo ts , r us t and b a c t e r i a l w i l t ; d rought ;
l ack o f ea r l y -ma tu r i ng c u l t i v a r s ; lack o f c u l t i v a r s responsive to
i r r i g a t i o n and f e r t i l i z a t i o n ; lack o f c u l t i v a r s w i t h s t rong peg
at tachment .
Minor c o n s t r a i n t s : Co l l a r r o t , roo t r o t , bud n e c r o s i s , w i t c h ' s
broom, and b a c t e r i a l w i l t ; damage by wh i te grub, l e a f miner ,
j a s s i d , t e r m i t e s , r a t s , and w i l d boar; i r o n c h l o r o s i s ; lack o f
seed dormancy in Spanish t ypes .
Chickpea
Major c o n s t r a i n t s : W i l t and ascochyta b l i g h t ; damage by pod
b o r e r s .
Minor c o n s t r a i n t s : Root r o t d iseases ; i r o n c h l o r o s i s ; lack o f
c u l t i v a r s adapted to s a l i n e s o i l s ; lack o f c u l t i v a r s adapted to
l a t e sowing.
Pigeonpea
Major c o n s t r a i n t s : Drought ; damage by H e l i o t h i s , pod f l y and other
pod bo re rs ; s t e r i l i t y mosaic and w i l t .
Minor c o n s t r a i n t : Lack of c u l t i v a r s adapted to s a l i n e and ac id
s o i l s .
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Subjects Requiring Intensified Research
Research should be i n t e n s i f i e d in the f o l l o w i n g areas f o r a l l three
crops .
Cropping systems Y ie l d gap ana lys i s
Water management U t i l i z a t i o n and demand
Stand establ ishment Postharvest technology:
Mechanizat ion o f p roduct ion s h e l l i n g , p rocess ing ,
storage
The need to conduct research in other sub jec ts w i l l a r i s e as the
work of the Coordinator develops. These should be dea l t w i t h , as
research requ i rements , w i t h p r i o r i t i e s appropr ia te a t t h a t t ime .
Germplasm and Breeding Material
1. In the Group's d iscuss ions most i n t e r e s t was centered on
adapta t ion t r i a l s w i t h e l i t e l i n e s t o r a p i d l y i d e n t i f y
h i g h - y i e l d i n g adapt ive m a t e r i a l s . I n t e r e s t was a lso expressed
in us ing h igh-per fo rming segregat ing popu la t ions w i t h res is tance
to major y i e l d - r e d u c i n g f a c t o r s .
2. I t was considered des i rab le to expand coverage of ICRISAT
disease and pest nurser ies in the r e g i o n . E f f o r t s should a lso
be made to f a c i l i t a t e the screening of ICRISAT germplasm f o r
l o c a l impor tant d iseases, e . g . , b a c t e r i a l w i l t o f groundnut i n
Indonesia and Malays ia .
3. ICRISAT should assign p r i o r i t y to producing a comprehensive
catalogue of a v a i l a b l e germplasm and breeders1 l i n e s , to insure
tha t requests f o r germplasm and breeding m a t e r i a l s from n a t i o n a l
s c i e n t i s t s are as re levan t as poss ib le to n a t i o n a l e c o l o g i c a l
c o n d i t i o n s .
4 . ICRISAT and n a t i o n a l program s t a f f should v i s i t f i e l d t r i a l s
w i t h i n the network on a regu la r bas i s . The need to ob ta i n
minimum data s e t s , i n c l u d i n g envi ronmental and y i e l d component
i n f o r m a t i o n , was emphasized. F a c i l i t i e s should be made
a v a i l a b l e to permi t f u l l d iscuss ion and exchange of these
r e s u l t s at both the n a t i o n a l and reg iona l l e v e l s , and to p lan
f u t u r e research a c t i v i t i e s on a r ou t i ne b a s i s .
Cropping Systems
The ICRISAT Groundnut and Pulses Improvement Programs should work
in c lose coopera t ion w i t h the IRRI Cropping Systems Program,
p a r t i c u l a r l y in areas where legume crops are grown in r ice-based
farming systems. ICRISAT Farming Systems Research s c i e n t i s t s
should be invo lved a d d i t i o n a l l y in coopera t i ve research w i t h
n a t i o n a l research i n s t i t u t i o n s and o ther i n t e r n a t i o n a l farming
systems p r o j e c t s in the non-r ice-based areas of the r e g i o n .
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Socioeconomic Research
1. A h igh p r i o r i t y was at tached to demand and u t i l i z a t i o n s t u d i e s ,
p a r t i c u l a r l y f o r pigeonpea which is a promis ing crop in the
r e g i o n .
2. Research should a lso be c a r r i e d out on the economic
p r o f i t a b i l i t y / c o m p a r a t i v e advantage of producing groundnut v i s a 
v i s competing c rops.
Links with International Organizations
The f o l l o w i n g p o t e n t i a l areas of c o l l a b o r a t i o n or coo rd ina t i on were
i d e n t i f i e d .
1. P a r t i c i p a t i o n by ICRISAT s t a f f in the reg iona l program
a c t i v i t i e s of the Regional Coord inat ion Centre f o r Research and
Development of Coarse Gra ins , Pulses, Root Crops, and Tubers
(CGPRT) and the Regional FAQ programs and p r o j e c t s , to inc lude
the p r o v i s i o n by ICRISAT of t e c h n i c a l t r a i n i n g in con junc t ion
w i t h these programs.
2. Cooperat ion w i t h the ACIAR pigeonpea program in Southeast As ia ,
to inc lude ICRISAT's c lose involvement w i t h p lann ing and the
p r o v i s i o n o f m a t e r i a l s and t r a i n i n g .
3. P a r t i c i p a t i o n in Ni fTAL's network on r h i z o b i a l , m y c o r r h i z a l , and
n i t r ogen budgets in these crops and associated cropping systems.
4. Coord ina t ion w i t h IDRC's groundnut program in Tha i l and .
5. Coord inat ion w i t h Peanut CRSP's programs in Thai land and the
P h i l i p p i n e s .
Training
The need f o r t e c h n i c a l t r a i n i n g was emphasized. ICRISAT can car ry
out t r a i n i n g in severa l ways w i t h i n the reg iona l program: formal
and i n fo rma l courses at ICRISAT Center; r eg i ona l and n a t i o n a l
workshops; and s p e c i f i c sho r t - te rm pos t ing of ICRISAT s t a f f to
prov ide exper t i se and to s t rengthen c o l l a b o r a t i v e research
p r o j e c t s . The need f o r t r a i n i n g in research management was also
ra i sed (but other i n s t i t u t i o n s may be b e t t e r s i t u a t e d to prov ide
t h i s f a c i l i t y ) .
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Keynote Address:
Need for Research on Groundnut and Pulses
in the Asian Region
L.D. Swindale
Director General, ICRISAT, Patancheru P.O., Andhra Pradesh 502 324, India
Welcome and Introduction
Let me extend my welcome to a l l the p a r t i c i p a n t s in t h i s
Consu l ta t i ve Group Meeting f o r Asian Regional Research on Grain
Legumes. We thank you f o r responding to our i n v i t a t i o n and f o r
coming to a t tend t h i s meet ing. We hope t h a t you w i l l f i n d your
stay at ICRISAT i n t e r e s t i n g and en joyab le . I t is a l o v e l y t ime of
the year to come.
ICRISAT was es tab l i shed by the CGIAR in 1972 on the
recommendation of i t s Technica l Advisory Committee. I t was created
to f i l l a perceived gap in the a g r i c u l t u r a l research e f f o r t s in and
f o r the developing c o u n t r i e s . The CGIAR convinced i t s e l f , a f t e r
c a l l i n g f o r and s tudy ing a se r ies of r e p o r t s , t h a t there was
i n s u f f i c i e n t research a t t e n t i o n to the r a i n f e d and l a r g e l y
subsistence cerea ls of the semi -a r id t r o p i c s and to the associated
g ra in legume crops t ha t many m i l l i o n s of people use as t h e i r main
p r o t e i n source.
ICRISAT was es tab l i shed to help redress t h i s perceived
d e f i c i e n c y . The r e s p o n s i b i l i t i e s given to the I n s t i t u t e were to
serve as a wor ld center f o r the improvement of sorghum, pear l
m i l l e t , pigeonpea, ch ickpea, and groundnut; to develop farming
systems to help increase and s t a b i l i z e a g r i c u l t u r a l p roduct ion in
the r a i n f e d semi -a r id t r o p i c s ; t o f i n d what c o n s t r a i n t s e x i s t t o
a g r i c u l t u r a l p roduct ion in t h i s r e g i o n , and to determine what could
be done about them.
L ike a l l the CGIAR Centers, of which there are now 13 around
the w o r l d , ICRISAT is requ i red to work to s t rengthen and serve
n a t i o n a l a g r i c u l t u r a l research o rgan i za t i ons and i n s t i t u t i o n s , and
not the farmer d i r e c t l y . Many of you have been to ICRISAT
before—perhaps severa l t imes—and know w e l l enough about our
mandate and know tha t the semi -a r id t r o p i c s cover a vast p o r t i o n of
the e a r t h ' s sur face—about 11% in a l l : much of A f r i c a south of the
Sahara, s u b s t a n t i a l areas in South and Southeast As ia , the nor thern
quar ter of A u s t r a l i a , and par ts of Cen t ra l and South America.
In my remarks today I w i l l not dwe l l on t h i s aspect of
ICRISAT fs work, but w i l l speak ins tead of the crops t h a t are our
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r e s p o n s i b i l i t y and p a r t i c u l a r l y the three legume crops—groundnut ,
ch ickpea, and pigeonpea.
ICRISATs Mandate for Legume Crops
Grain legume product ion in As ia , i n c l u d i n g soybean and groundnut,
is about 8% of t h a t of c e r e a l s . Yet the q u a l i t a t i v e importance of
these crops f a r outweighs t h i s product ion comparison because g ra in
legumes prov ide an amino ac id pa t t e rn t ha t complements t h a t of
cerea ls to g ive a good balance fo r human d i e t a r y requi rement . Some
gra in legumes, such as groundnut and soybean, a lso provide la rge
amounts o f vegetable o i l .
Grain legumes a lso complement cerea ls s ince they genera l l y can
produce a crop under lower f e r t i l i t y and moisture cond i t i ons than
requ i red f o r c e r e a l s . Because they f i x atmospheric n i t r o g e n , they
improve s o i l f e r t i l i t y . In a d d i t i o n , many g ra in legumes are w e l l
adapted to i n t e r c r o p p i n g w i t h cerea ls e i t h e r because of t h e i r very
shor t du ra t i on or because they can u t i l i z e moisture remaining a f t e r
the cerea l component has been harves ted .
There is an urgent need in the developing coun t r i es of South
and Southeast Asia to provide more of these crops. This was
c l e a r l y shown in repor t s from the symposium on Grain Legume
Product ion held at Chiang Mai, Tha i l and , in November 1980. That
symposium po in ted out t h a t over the prev ious decade g ra in legume
product ion in the reg ion had f a l l e n d r a s t i c a l l y behind demand,
n e c e s s i t a t i n g c o s t l y impor ts of these crops or t h e i r p roduc ts . The
p a r t i c i p a n t s at the Chiang Mai meeting concluded t h a t t h i s slow
growth in p roduc t ion was p a r t l y due to slow expansion of the area
planted to g ra in legumes because of compet i t ion f o r land by new
h i g h - y i e l d i n g cerea l v a r i e t i e s , and p a r t l y because of stagnant
g ra in legume y i e l d s . The lack of increase in mean y i e l d s is the
r e s u l t of such f a c t o r s as the a l l o c a t i o n of g ra in legumes to
marginal r a i n f e d l a n d , government p o l i c i e s t ha t emphasize cerea l
p roduc t i on , and low economic r e t u r n s .
ICRISATs Collaborative Research Network
As you know, ICRISAT claims to have g loba l r e s p o n s i b i l i t y f o r the
improvement of y i e l d and p r o d u c t i v i t y of these c rops. But what
exac t l y does t h a t mean? Global r e s p o n s i b i l i t y c l e a r l y does not
mean g loba l presence. ICRISAT does have s c i e n t i s t s now in severa l
p laces , but it c e r t a i n l y does not operate a worldwide network. How
many of your coun t r i es have res iden t ICRISAT s c i e n t i s t s ?
ICRISAT has but one la rge research cen te r—the one at which we
are meeting today. Through an arrangement w i t h the Ind ian Counci l
o f A g r i c u l t u r a l Research and four a g r i c u l t u r a l u n i v e r s i t i e s ,
ICRISAT does have four a d d i t i o n a l l o c a t i o n s in I nd ia where i t
conducts s i g n i f i c a n t po r t i ons o f i t s program, but these are s m a l l ,
a few hectares in each case. The major l o c a t i o n s are at Haryana
A g r i c u l t u r a l U n i v e r s i t y , H issa r , a t 29°N l a t i t u d e , a t Gwalior in
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Madhya Pradesh Sta te on the research farm of the Col lege of
A g r i c u l t u r e at 26°N l a t i t u d e , at Dharwar in Karnataka Sta te on the
research farm of the Col lege of A g r i c u l t u r e at 16°N l a t i t u d e and,
f i n a l l y , at Bhavanisagar on a research farm of the Tamil Nadu
A g r i c u l t u r a l U n i v e r s i t y a t 11°N l a t i t u d e . These c o l l a b o r a t i v e
s t a t i o n s prov ide us w i t h the oppo r tun i t y to expand the range of
l a t i t u d e s , of day lengths, and of environments in which we do c e r t a i n
aspects of our work. We are a lso developing a research center in
West A f r i c a in a h o t , d r y , and sandy area mainly f o r research on
pear l m i l l e t but w i t h some a t t e n t i o n to groundnut .
The CGIAR does not want or expect us to f u l f i l l our g l oba l
mandate by s e t t i n g up l i t t l e b i t s o f ICRISAT a l l over the w o r l d ,
nor do we have the a d m i n i s t r a t i v e capac i ty to do t h i s . We do t r y
to he lp some coun t r i es in s o l v i n g s p e c i f i c sho r t - t e rm problems, as
we expect to do soon in Pakistan work ing on the problem of
ascochyta b l i g h t o f ch ickpeas. But f o r the most pa r t f u l f i l l i n g
our g l o b a l mandate means l a r g e l y c a r r y i n g out research here at
ICRISAT Center on issues of g l oba l s i g n i f i c a n c e and work ing on
problems t h a t occur in severa l coun t r i es and reg ions . Thus we best
serve coun t r i es who are i n t e r e s t e d in our work by t r a n s f e r r i n g the
products o f our research e f f i c i e n t l y . S c i e n t i f i c r e p o r t s are a 
w e l l known and use fu l way to do t h i s . B e t t e r , is to send our seeds
or o ther p l an t m a t e r i a l s t h a t have been improved in some p a r t i c u l a r
way to the coun t r i es concerned. Be t te r s t i l l is to use these seeds
and p lan t m a t e r i a l s in coopera t ive research between ICRISAT and the
s c i e n t i s t s in n a t i o n a l programs so t h a t they may make the most of
the improved r e s u l t s t h a t we have ob ta i ned .
Mutual Research and Development Needs
In these th ree c rops , groundnut , ch i ckea , and pigeonpea, there is
something o f i n t e r e s t to a l l o f the co un t r i e s here rep resen ted .
Each country has a major i n t e r e s t in one of them and severa l have
an i n t e r e s t in a second or an awareness of i t s p o t e n t i a l
impor tance. A few l i k e I nd i a have i n t e r e s t in a l l t h r e e .
The s t a t i s t i c s of the p roduc t ion of these crops in I n d i a
dominate the s t a t i s t i c s o f t h e i r p roduc t ion i n the r e g i o n . I n d i a
produces about 57% of the groundnut , 80% of the ch ickpea, and
v i r t u a l l y a l l o f the pigeonpea in the r e g i o n . But we can t u r n
these f i g u r e s around. We can say t h a t o ther c o u n t r i e s produce 43%
of the groundnut and 20% of the ch ickpea, thus r e f l e c t i n g the
c u r r e n t i n t e r e s t o f o ther c o u n t r i e s i n the reg ion in the crops o f
ICRISAT.
Groundnut i s the most impor tan t o f the t h r e e . I t i s impor tan t
f o r i t s o i l and as a va luab le cash c rop . The haulms and cake are
va luab le l i v e s t o c k feeds . I t f i x e s much n i t r o g e n , w i t h b e n e f i t s t o
subsequent c rops . Demand i s h i g h . I t i s c a l c u l a t e d t h a t the
demand f o r o i l s e e d crops in the wor ld w i l l grow at nea r l y 4%
annua l ly over the r e s t o f t h i s c e n t u r y . Annual growth in the
supply of groundnut is i nc reas ing at l ess than 1%, less than 0,25%
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of the p ro jec ted demand f o r o i l s e e d s . There is ample room f o r
increased p r o d u c t i o n .
Chickpea is nex t , p a r t i c u l a r l y in the more n o r t h e r l y c oun t r i e s
of the r e g i o n . I t is a major source of p r o t e i n to many m i l l i o n s of
peop le . I t i s the most impor tan t pulse crop in the w o r l d .
Pigeonpea, a l though the l e a s t impor tan t of the th ree i s , in my
view, a much underest imated c rop . I t can s imul taneous ly s a t i s f y
the need f o r f ood , f eed , and f u e l . I t ame l io ra tes the s o i l s i n
which i t grows. I t i s a remarkably hardy c rop , t o l e r a n t o f
d i f f i c u l t c o n d i t i o n s , and f i t s e x t r a o r d i n a r i l y w e l l i n t o i n t e r c r o p
systems. Several of you are w e l l aware of t h i s and are e x p l o r i n g
the p o s s i b i l i t i e s of the g rea te r use of pigeonpea in your
c o u n t r i e s . I t i s i n t e r e s t i n g t o r e c a l l t h a t i n 1978 a repo r t
prepared f o r the US Na t iona l Science Foundation by SaLUT and the
US Na t i ona l Techn ica l I n f o rma t i on Serv ice s t ressed the p o t e n t i a l of
pigeonpea f o r p roduc t ion i n the Uni ted S t a t e s , p o i n t i n g out t h a t i t
was a crop t h a t had severa l uses and e x c e l l e n t market p o t e n t i a l .
Action for Improved Collaboration
Because of our commonality of i n t e r e s t in these legume c rops ,
ICRISAT is hoping t h a t you w i l l agree to work w i t h us and each
other in s t reng then ing r e g i o n a l coopera t ion on t h e i r research and,
e v e n t u a l l y , t h e i r p r o d u c t i o n . We wish to encourage t h i s
development because we have worked on two of these crops f o r 10
years and the t h i r d one, groundnut , f o r about 7. We have many
i n t e r e s t i n g and va luab le r e s u l t s and we would l i k e you a l l to get
the maximum b e n e f i t s from our work. My co l leagues w i l l go i n t o the
d e t a i l s . Also you w i l l f i n d much o f i n t e r e s t in our Research
H i g h l i g h t s and Annual Report f o r 1982, both of which are a v a i l a b l e
to you.
I would l i k e to b r i n g to your no t i ce some research h i g h l i g h t s
of 1983. F i r s t , in groundnut improvement—more than 4000 breeding
l i n e s , p o p u l a t i o n s , and germplasm have been supp l ied to groundnut
breeders in 16 d i f f e r e n t c o u n t r i e s . Four ICRISAT s e l e c t i o n s t h a t
performed c o n s i s t e n t l y w e l l in the pos t ra iny season have been
advanced to the stage o f p rere lease e v a l u a t i o n here in I n d i a .
E ight genotypes w i t h r es i s t ance to r u s t and l a t e l e a f spot have
y ie lded 2.5 t imes as much as any of the major re leased c u l t i v a r s
dur ing l a s t y e a r ' s r a i ny season, and severa l d r o u g h t - r e s i s t a n t
genotypes have y i e l ded much more than re leased c u l t i v a r s under h igh
drought s t ress in southern I n d i a . The breeding program is making
success fu l use o f d e r i v a t i v e s from w i l d groundnut species w i t h
res i s tance to both l e a f spot and r u s t d iseases , and we have a few
l i n e s t o l e r a n t of peanut clump v i r u s and two t o l e r a n t of peanut
mo t t l e v i r u s . We are making some progress on res i s tance to
j a s s i d s , and we have e a r l y - m a t u r i n g l i n e s w i t h seed dormancy t h a t
have been se lec ted from segrega t ing p o p u l a t i o n s .
In pigeonpea we have l i n e s t h a t have been re leased f o r use by
farmers in d i f f e r e n t pa r t s o f I n d i a ; and the U n i v e r s i t y o f
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Queensland, u t i l i z i n g m a t e r i a l s der ived from ICRISAT l i n e s , has
re leased a new c u l t i v a r in t h a t coun t r y . We have developed male
s t e r i l e m a t e r i a l s f o r h y b r i d s , and one ea r l y h y b r i d , ICPH 8, has
been se lec ted f o r A l l I n d i a Coordinated Tes ts . We have se lec ted a 
s u b s t a n t i a l number o f p l an t s r e s i s t a n t t o s t e r i l i t y mosaic,
fusar ium w i l t , and phytophthora b l i g h t . Probably our work in
pigeonpea has made the most advance of any of our crops in t h i s
area of m u l t i p l e disease r e s i s t a n c e . We have made crosses to
increase pigeonpea res i s tance to the pod borer H e l i o t h i s a rmigera ,
and to combine i t w i t h res i s tance to fusar ium w i l t . F i n a l l y , I 
would l i k e to mention t h a t some pigeonpea v a r i e t i e s , p a r t i c u l a r l y
the ones t h a t r e s i s t w i l t and s t e r i l i t y mosaic, are p rov ing most
i n t e r e s t i n g in m u l t i p l e cropping systems us ing ratooned pigeonpea,
producing th ree harvests of the crop in 2 years and a s u b s t a n t i a l
amount of f i r e w o o d .
In chickpea the Government of Gu jara t ( I n d i a ) has re leased one
v a r i e t y from ICRISAT f o r general c u l t i v a t i o n in t h a t s t a t e , and the
Government of Sy r ia has recommended the re lease of one c u l t i v a r , a 
k a b u l i t y p e , which i s the r e s u l t o f j o i n t ICRISAT-ICARDA work. In
ch ickpea, as in pigeonpea, we now have good res i s tance to
H e l i o t h i s , and we are t r a n s f e r r i n g t h i s res i s tance i n t o good
agronomic m a t e r i a l . Fusarium w i l t , which i s impor tan t i n the
Americas as w e l l as in South A s i a , has occupied a l o t of our t i m e ,
and we now have res i s tance which is con fer red by two recess ive
genes t h a t separa te ly delay w i l t i n g but must be present toge ther
f o r complete r e s i s t a n c e . We have 28 new l i n e s r e s i s t a n t to t h i s
impor tan t d isease . We have developed methods f o r screening f o r
res i s tance to b o t r y t i s gray mold and developed 16 r e s i s t a n t l i n e s
t h a t should be very u s e f u l in the more humid reg ions of t h i s
c o u n t r y , Pak i s tan , and Bangladesh.
The Practical Implications of Collaboration
Now you w i l l have noted t h a t the research h i g h l i g h t s t h a t I have
o u t l i n e d mention b e n e f i t s to I n d i a in severa l i ns tances . There i s
no doubt t h a t I n d i a , c u r r e n t l y , i s the major b e n e f i c i a r y o f
ICRISAT's work. That is to be expected. Our I n s t i t u t e is l oca ted
in t h i s c o u n t r y , these crops are o f great importance to i t and to
many m i l l i o n s of i t s c i t i z e n s . And I n d i a works hard to ga in
b e n e f i t s from ICRISAT.
- I t worked hard f o r the es tab l i shment of ICRISAT here in I n d i a .
- It concluded an agreement w i t h the CGIAR t h a t enables ICRISAT to
have an e x c e l l e n t research farm—on land i t donated—and al lowed us
to develop f i n e f a c i l i t i e s and equip them w e l l .
- I t p rov ides many of our s c i e n t i s t s and most of our support s t a f f
and a l lows us to e s t a b l i s h terms and c o n d i t i o n s f o r t h e i r
employment t h a t are conducive to a g r i c u l t u r a l research .
- The Government of I n d i a and the Government of the Sta te of Andhra
Pradesh support the i n s t i t u t e in many ways.
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ICRISAT Activities
ICRISAT's Research on Groundnut
D. McDonald
ICRISAT, Patancheru P.O., Andhra Pradesh 502 324, India
Introduction
Yie lds obta ined by SAT farmers are very low, at around 800 kg/ha of
d r i ed pods. These compare un favorab ly w i t h y i e l d s of over 2500
kg/ha obta ined on l a r g e - s c a l e mechanized farms in coun t r i es w i t h
h i g h l y developed a g r i c u l t u r e . However, even these y i e l d s are low
when the y i e l d p o t e n t i a l of groundnut is cons idered . By growing
released Ind ian c u l t i v a r s under op t ima l cond i t i ons at ICRISAT
Center, y i e l d s of over 7000 kg/ha have been obta ined and much
higher y i e l d s have been repor ted from I s r a e l and Zimbabwe.
Constraints to Production
Diseases and pests are impor tant p roduc t ion c o n s t r a i n t s wor ldwide
and cause p a r t i c u l a r l y ser ious losses in those t r o p i c a l develop ing
coun t r i es where the smal l farmer cannot a f f o r d , or is not
t e c h n i c a l l y equipped, to apply crop p r o t e c t i o n chemica ls . Other
impor tant c o n s t r a i n t s are u n r e l i a b l e r a i n f a l l pa t t e rns and
r e c u r r i n g d roughts , lack o f h i g h - y i e l d i n g adapted c u l t i v a r s , poor
agronomic p r a c t i c e s , and very l i m i t e d use of f e r t i l i z e r s . Very few
research programs have concent ra ted on breeding f o r res i s tance to
the f a c t o r s t ha t l i m i t p r o d u c t i o n . Acco rd ing l y , i t i s i n the f i e l d
of germplasm u t i l i z a t i o n and res i s tance breeding t h a t ICRISAT
groundnut researchers have been most a c t i v e .
Germplasm Base
In December 1983 the t o t a l of groundnut germplasm accessions at
ICRISAT was over 10,100. Asian coun t r i es in which c o l l e c t i o n s have
been made are I n d i a , Burma, Ma lays ia , and the P h i l i p p i n e s . Future
p r i o r i t y areas f o r c o l l e c t i o n in Asia are Tha i l and , I ndones ia , and
the Peoples' Republic of China.
Germplasm l i n e s are ma in ta ined , m u l t i p l i e d , and eva lua ted .
Bo tan is t s record a wide range of p lan t c h a r a c t e r s , over 30
measurements of morpho log ica l and agronomic charac te rs being made
in p re l im ina ry e v a l u a t i o n . M a t e r i a l s are a lso eva luated by
Groundnut Improvement Program s c i e n t i s t s who record reac t i ons to
pes ts , d iseases, and drought s t r e s s , and nodu la t i on capac i t y and
y i e l d p o t e n t i a l . Over 19,600 germplasm samples have been sent to
cooperators in 52 c o u n t r i e s .
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Disease Resistance
Fol ia r diseases. The most impor tant f o l i a r diseases of groundnut
caused by f ung i are the l e a f spots (Cercospora a r a c h i d i c o l a and
Cercosporidium personatum) and r u s t (Pucc in ia a r a c h i d i s ) . At
ICRISAT Center r u s t and l a t e l e a f spot (C. personatum) occur each
year in epidemic p r o p o r t i o n s . A l l re leased Ind ian c u l t i v a r s are
s u s c e p t i b l e . F i e l d screening o f germplasm f o r res i s tance to these
two diseases was s t a r t e d at ICRISAT Center in 1977. Breeders are
now develop ing r u s t and l a t e l e a f spot r e s i s t a n t c u l t i v a r s w i t h
s tab le agronomic c h a r a c t e r s . The b io logy of the pathogens has a lso
been i n v e s t i g a t e d and components of res i s tance have been measured.
Pod rot disease. Pod r o t s caused by a complex of s o i l - i n h a b i t i n g
fung i cause ser ious reduc t i on in y i e l d and q u a l i t y o f groundnuts.
Losses of over 20% have been recorded. F i e l d screening f o r
res i s tance has been compl icated by uneven disease inc idence between
and w i t h i n f i e l d s but 11 genotypes have shown s i g n i f i c a n t l y lower
inc idence of r o t t e d pods than suscep t i b le check c u l t i v a r s .
Aspergil lus f lavus and a f l a t o x i n s . A f l a t o x i n s are t o x i c secondary
metabo l i t es produced by s t r a i n s of f ung i of the A_. f l a v u s group
when growing on s u i t a b l e subs t ra tes such as groundnut seed and
groundnut p roduc ts . A f l a t o x i n contaminat ion can be minimized by
adopt ion of farming and produce hand l ing methods designed to avoid
damage to pods and seeds, but few farmers in the semi -a r id t r o p i c s
f o l l o w the recommended procedures. Research has t h e r e f o r e focused
on using genet ic r e s i s t a n c e , and severa l A. f l a v u s r e s i s t a n t
genotypes have been entered in breeding t r i a l s to combine the t e s t a
res i s tance f a c t o r w i t h acceptable l e v e l s o f y i e l d .
Virus diseases . These are common and can be s e r i o u s . At ICRISAT
emphasis in research has been placed on the p u r i f i c a t i o n and
prec ise c h a r a c t e r i z a t i o n of groundnut v i r u s e s . Some 7000 genotypes
have been screened f o r res i s tance to bud necros is but a l l were
s u s c e p t i b l e . Wi ld Arach is species are now being screened and
A. chacoense has been found r e s i s t a n t in mechanical and t h r i p s
i n o c u l a t i o n t e s t s . Almost 500 germplasm l i n e s have been screened
f o r res is tance to peanut mo t t l e us ing a f i e l d mechanical
i n o c u l a t i o n techn ique . Screening f o r r es i s tance to the s o i l - b o r n e
peanut clump v i r u s disease has been in progress f o r severa l
seasons, but w i t h c o n f l i c t i n g r e s u l t s .
H i g h - l e v e l res i s tance to groundnut r o s e t t e disease has been
found in some West A f r i c a n germplasm and breeders in Senegal,
N i g e r i a , and Malawi have been success fu l in developing
r o s e t t e - r e s i s t a n t c u l t i v a r s w i t h good agronomic cha rac te r s .
R o s e t t e - r e s i s t a n t genotypes are being used in severa l ICRISAT
breeding programs, and the I n s t i t u t e is now invo lved in coord inated
i n t e r n a t i o n a l research to reso lve t h i s problem.
Bacter ia l disease. The only impor tan t b a c t e r i a l disease of
groundnut is the w i l t caused by Pseudomonas solanacearunu This
disease is common and ser ious on groundnuts in East Asia but has
not so f a r been found in I nd ia and has not t he re fo re been
i n v e s t i g a t e d at ICRISAT Center .
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Pest Management
Pests of worldwide importance are aph ids , j a s s i d s , t h r i p s , and
t e r m i t e s . Insec t pests may be of importance because of the d i r e c t
damage they do or because of t h e i r r o l e in t ransmiss ion of v i r u s
d iseases.
At ICRISAT the entomology research emphasis has been to
e f f e c t i v e l y combine c u l t u r a l p rac t i ces and host p lan t res i s tance to
develop i n t e g r a t e d pest management systems. The e f f e c t s of
c u l t u r a l p r a c t i c e s on the inc idence of impor tant pests are being
s tud ied and p a r t i c u l a r a t t e n t i o n is being given to the e f f e c t s o f
i n t e r c r o p p i n g .
Drought Tolerance
F i e l d screening of germplasm f o r drought to le rance was s t a r t e d in
the 1981/82 pos t ra i ny season w i t h 200 l i n e s being sub jec ted to 21
combinat ions of t i m e , d u r a t i o n , and i n t e n s i t y of drought us ing a 
l i n e source s p r i n k l e r system. In the 1982/83 pos t ra i ny season, 484
l i n e s were screened and genotypes w i t h to le rance to mid-season and
end-of-season drought s t resses have been i n d i c a t e d . I n t e r a c t i o n s
between drought and s o i l ca lc ium l e v e l s , and drought and pod r o t s ,
are being i n v e s t i g a t e d .
Nitrogen Fixation
At ICRISAT m i c r o b i o l o g i s t s and breeders are t r y i n g to manipulate
both the Rhizobium and the host p l an t component in p l an t n u t r i t i o n
in an at tempt to increase n i t r ogen f i x a t i o n and so y i e l d s , and a lso
to o b t a i n r e s i d u a l b e n e f i t s f o r subsequent c rops .
A l a rge number of Rhizobium s t r a i n s have been c o l l e c t e d and
tes ted f o r n i t r o g e n - f i x i n g a b i l i t y i n combinat ion w i t h a range o f
c u l t i v a r s and germplasm l i n e s . F i e l d t r i a l s i n mainly r a i n f e d
par t s o f I n d i a have shown t h a t i t i s poss ib le to increase y i e l d s o f
groundnuts by i n o c u l a t i o n w i t h Rhizobium, even in f i e l d s where
groundnuts have been grown f o r many years . More a t t e n t i o n w i l l now
be given to n i t r ogen n u t r i t i o n in i r r i g a t e d groundnuts, e s p e c i a l l y
in r i ce -based cropping systems.
Breeding for High Yield
Several breeding l i n e s se lec ted f o r h igh y i e l d have been developed
and have given e x c e l l e n t y i e l d s , e . g . , l i n e s ICGS 2 1 , ICGS 30, and
ICGS 37 gave y i e l d s of d r i e d pods of over 7000 kg /ha . The l i n e
ICGS 1 1 , developed f o r pos t ra i ny season use, is now advanced to the
prere lease t e s t i n g s tage .
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Utilization of Wild Species
Species in sec t i on Arachis have been c y t o g e n e t i c a l l y analysed to
develop a b e t t e r understanding of species r e l a t i o n s h i p s and of the
e v o l u t i o n of the c u l t i v a t e d groundnut , and t h i s i n f o rma t i on has
been used in p lann ing the most e f f e c t i v e routes f o r gene t r a n s f e r .
Most of these routes have been used, and a range of i n t e r s p e c i f i c
h y b r i d s , from d i p l o i d to hexap lo i d , w i t h many combinat ions o f
genomes, have been produced and backcrossed to A. hypogaea. Many
have produced s tab le t e t r a p l o i d d e r i v a t i v e s .
The m a j o r i t y of species in the genus are not compat ib le w i t h
A. hypogaea. However, experiments w i t h mentor p o l l e n and hormones
showed t h a t hormone a p p l i c a t i o n s u b s t a n t i a l l y increased peg numbers
from incompat ib le c rosses . Such pegs do not c o n s i s t e n t l y set pods,
but a s a t i s f a c t o r y pod set can be obta ined by t r e a t i n g pegs w i t h
auxin or k i n e t i n . These pods r a r e l y mature and, to ob ta in v i a b l e
h y b r i d s , ovules or embryos have to be removed from the young pods
and c u l t u r e d in v i t r o where there may be p roduc t ion of c a l l u s and
e v e n t u a l l y o f p l a n t l e t s . To da te , hyb r i d c a l l i and p l a n t l e t s have
been produced in f i v e c u l t i v a r s o f A. hypogaea crossed w i t h th ree
species of Eurhizomatosae and in th ree w i l d species h y b r i d s .
I t i s hoped even tua l l y to ga in access to a l l u s e f u l genes
a v a i l a b l e in the genus Arachis and so expand the genet ic base f o r
res i s tance b reed ing .
ICRI SATs Research on Pigeonpea
D.G. Faris
ICRISAT, Patancheru P.O., Andhra Pradesh 502 324, India
Introduction
Pigeonpea i s a f a s c i n a t i n g crop w i t h great p o t e n t i a l . I t i s grown
throughout the t r o p i c s on about 3 m i l l i o n ha, 85% of which are in
I n d i a . Al though pigeonpea can be found growing in many other Asian
c o u n t r i e s , the on ly count ry w i t h a s i zab le p roduc t ion area is
Burma.
Pigeonpea is d i f f e r e n t from most o ther pulses because,
a l though normal ly grown as an annual shrub, i t is a pe renn ia l crop
the p l an t s of which may grow f o r severa l years and develop i n t o
smal l t r e e s . Pigeonpea has great compensatory a b i l i t y under
adverse c o n d i t i o n s . I t g ives a d d i t i o n a l y i e l d a f t e r the f i r s t
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harvest i f s u f f i c i e n t moisture i s a v a i l a b l e , and i t has great
f l e x i b i l i t y in a wide range of cropping systems. Pigeonpea
t o l e r a t e s drought s t ress w e l l and is thus an i d e a l crop f o r the
semi -a r i d t r o p i c s . I t a lso grows w e l l in the subhumid t r o p i c s , and
performs w e l l i n temperatures up to 38°C. However, i t w i l l not
t o l e r a t e f r o s t .
The crop has a wide range of m a t u r i t y p e r i o d s . There are
c u l t i v a r s t h a t mature in less than 100 days, and o thers t h a t form
mature seed only a f t e r 250 days from sowing. Time to m a t u r i t y can
be g r e a t l y a f f e c t e d by photoper iod and tempera ture . Thus there
e x i s t m a t u r i t y types of pigeonpea f o r many d i f f e r e n t c ropping
c o n d i t i o n s .
Pigeonpea is a superb i n t e r c r o p f o r p l a n t i n g w i t h cerea ls and
many o ther c rops , which exp la ins why over 80% of pigeonpea is
a l ready grown as an i n t e r c r o p . Ea r l y -ma tu r ing c u l t i v a r s are
favored f o r s o l e - c r o p p i n g , and are o f t en grown as pa r t of a 
r o t a t i o n . Pigeonpea is a very e f f i c i e n t p l an t t h a t has deep r o o t s .
I t grows w e l l even on s o i l s w i t h a low phosphorus l e v e l , and f i x e s
atmospheric n i t r o g e n . Rarely does i t s seed need to be i nocu la ted
because pigeonpea can nodulate on Rhizobium n a t u r a l l y present in
most s o i l s . Because o f i t s e f f i c i e n c y pigeonea i s usua l l y
re lega ted by farmers to marg ina l a reas, where the average y i e l d is
around only 700 kg /ha . But we know t h a t pigeonpea can y i e l d over
5000 kg/ha of dry seed, g iven proper cond i t i ons and crop
management.
Pigeonpea is most w ide ly eaten in the form of dhal ( s p l i t
peas) . Used t h i s way it conta ins about 22% p r o t e i n w i t h an amino
ac id p r o f i l e s i m i l a r to t h a t f o r soybean. Green pods and green
seeds from pigeonpea are a lso used as a vege tab le . Other uses
inc lude fodder , f u e l , and green manure.
ICRISAT Research Activities
Our o b j e c t i v e at ICRISAT is to i d e n t i f y the f a c t o r s t h a t i n f l uence
the y i e l d o f pigeonpea in order to prov ide farmers w i t h the
p r a c t i c e s and m a t e r i a l f o r optimum p r o d u c t i o n .
Environment. Because pigeonpea is so d r o u g h t - t o l e r a n t , i t i s
usua l l y grown where mois ture l i m i t s i t s y i e l d . Thus our research
has shown t h a t adequate mois ture and appropr ia te cropping pa t t e rns
can increase pigeonpea y i e l d s s i g n i f i c a n t l y . For example, in 1982
an exper imenta l p l o t at ICRISAT Center t h a t was given mois ture p lus
o ther i n p u t s , and was picked th ree t imes , y i e l ded 5400 kg/ha in 217
days.
Pes ts . I n s e c t s , c h i e f l y pod borer and p o d f l y , can d r a s t i c a l l y
reduce y i e l d s i f t h e i r a t t acks are not c o n t r o l l e d . At ICRISAT we
are a t tempt ing to develop an i n t e g r a t e d pest management system.
Though pod borers can be c o n t r o l l e d by one or two sprays , we a t t ach
more importance to s e l e c t i n g l i n e s f o r res i s tance t r a i t s . We have
r e c e n t l y i d e n t i f i e d l i n e s t h a t e x h i b i t a lower- than-average l e v e l
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of pest a t t a c k , and these have been success fu l l y crossed w i t h e l i t e
m a t e r i a l t o combine res i s tance w i t h h igh y i e l d .
Diseases. Pigeonpea y i e l d can a lso be severe ly reduced by d isease .
W i l t appears to be widespread in A s i a , wh i le s t e r i l i t y mosaic seems
less e x t e n s i v e . Other diseases may be impor tant in coun t r i es o ther
than I n d i a . Simple screening procedures developed at ICRISAT have
enabled us to i d e n t i f y severa l sources o f res i s tance to w i l t ,
s t e r i l i t y mosaic, and phytophthora b l i g h t . This res i s tance has
been inc luded in e l i t e breeding m a t e r i a l , some of which has g iven
h igh y i e l d s and is now in advanced y i e l d t r i a l s .
Cul t i va rs . Besides developing l i n e s r e s i s t a n t to pests and
d iseases , ICRISAT's breeders have developed l i n e s super io r in y i e l d
to e x i s t i n g check c u l t i v a r s . They have a lso pioneered the
produc t ion o f hybr ids in pigeonpea us ing genet ic male s t e r i l e
l i n e s . Current i n d i c a t i o n s are t h a t c e r t a i n hybr ids could g ive a 
cons iderab le boost to pigeonpea y i e l d s . More combinat ions can now
be used in exper imenta l work because we have t r a n s f e r r e d the male
s t e r i l e charac ter i n t o severa l parents known to have good general
combining a b i l i t y and other va luab le c h a r a c t e r i s t i c s .
International Collaboration
Germplasm. At ICRISAT we have a wide range of germplasm and e l i t e
breeding m a t e r i a l o f pigeonpea a v a i l a b l e f o r d i s t r i b u t i o n . The
Genetic Resources Un i t has a c o l l e c t i o n of about 10,000 pigeonpea
access ions. These have been eva lua ted , us ing severa l d e s c r i p t o r s ,
and t h i s i n f o r m a t i o n is now a v a i l a b l e from computerized reco rds .
Most access ions, however, are from I n d i a , there being r e l a t i v e l y
few from other Asian c o u n t r i e s .
Nurseries . Breeding m a t e r i a l from a number of i n t e r n a t i o n a l
nu rse r i es is a lso a v a i l a b l e from ICRISAT. These inc lude the
Pigeonpea Observat ion Nursery ( f o r de termin ing the c lass of
m a t e r i a l s u i t e d t o a l o c a t i o n ) , y i e l d t r i a l s o f e l i t e breeding
l i n e s f o r more s p e c i f i c requ i rements , bulks from d i f f e r e n t crosses
developed by s ing le -pod descent ( f o r s e l e c t i o n by p l an t b reede rs ) ,
y i e l d t r i a l s o f e l i t e l i n e s w i t h res i s tance t o w i l t and s t e r i l i t y
mosaic disease ( f o r areas where disease can reduce y i e l d s ) , and a 
t r i a l w i t h large-seeded vegetable pigeonpea l i n e s ( f o r areas where
vegetable pigeonpea is i m p o r t a n t ) . A d d i t i o n a l nu rse r ies can be
c o n s t i t u t e d to meet spec ia l needs—such as m a t e r i a l r e s i s t a n t to or
t o l e r a n t of pests and d iseases, f o r use as fodder , and f o r s a l i n e
s o i l s . We are reasonably con f i den t t h a t breeding m a t e r i a l now
a v a i l a b l e prov ides a s a t i s f a c t o r y base f o r matching the crop to
such f a c t o r s as d i f f e r e n c e s in day leng th , r a i n f a l l , temperature ,
i nsec t and disease a t t a c k , c ropp ing p a t t e r n , and the use to be made
of the produce.
The Future
We have shown t h a t pigeonpea has a h igh y i e l d p o t e n t i a l under a 
wide range of t r o p i c a l c o n d i t i o n s , is s u i t a b l e f o r use in many
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d i f f e r e n t cropping systems, and produces a n u t r i t i o u s pea t h a t can
be used in a v a r i e t y of ways. This means the crop could be grown
much more wide ly than at p resen t . However, a major c o n s t r a i n t to
pigeonpea's wide acceptance is t h a t farmers and t h e i r f a m i l i e s are
not f a m i l i a r w i t h i t s u t i l i z a t i o n . Thus, i f the crop i s shown t o
be w e l l adapted to a p a r t i c u l a r environment, at tempts to in t roduce
it as a new crop must be accompanied by a p lan to develop increased
demand f o r i t s products in i n t e r n a l o r e x t e r n a l markets .
ICRISAT's Research on Chickpea
J.B. Smithson
ICRISAT, Patancheru P.O., Andhra Pradesh 502 324, India
Introduction
The annual wor ld p roduct ion of chickpea is about 7 m i l l i o n tonnes
of dry g ra i n from an area of 10 m i l l i o n ha. Some 85% of p roduc t ion
stems from South As ia , but the c ropp ing area extends westwards from
Afghan is tan , through West Asia and the Mediterranean b a s i n , i n t o
E th iop ia and East A f r i c a , the Americas, and A u s t r a l i a . In FAO data
chickpea i s not l i s t e d a t a l l f o r Southeast As ia , except Burma.
There are two main t ypes , d i s t i n g u i s h e d p r i n c i p a l l y by t h e i r
seed c h a r a c t e r i s t i c s : d e s i , grown in South A s i a , Burma, E t h i o p i a ,
East A f r i c a , and Mexico (85-90% of wor ld p r o d u c t i o n ) ; and k a b u l i ,
grown to a smal l ex tent in South Asia but account ing e n t i r e l y f o r
the crops of those other coun t r i es not l i s t e d above.
Adaptation
Chickpea is adapted to c o o l , dry environments and is b a s i c a l l y a 
temperate or subtemperate crop grown in pos t ra iny seasons in
s u b t r o p i c a l w i n t e r s / s p r i n g s or temperate spr ings/summers. The
nature of i t s adap ta t ion is best i l l u s t r a t e d by the temperature and
r a i n f a l l regimes of ICRISAT and ICARDA Centers t h a t represent the
extremes in which the crop is grown.
Maximum p o t e n t i a l y i e l d s are obta ined in no r th I nd i a or from
winter-sown crops in the Mediterranean—more than 5000 kg/ha dry
seed in 160-170 days dur ing which temperatures of zero °C or less
are recorded. In areas where temperatures are warmer, growing
seasons and seed y i e l d s are reduced. In humid lowland t r o p i c a l
environments ( e . g . , Southeast Asia) performance can be expected to
be e s p e c i a l l y poor .
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Constraints to Production
Diseases. W i l t s and roo t r o t s are p reva len t in a l l
ch ickpea-growing areas. Most impor tant is w i l t caused by Fusarium
oxysporum f . sp . c i c e r i . Y i e l d reduc t ion in I nd ia amounts to an
est imated 10% of t o t a l p r o d u c t i o n .
B l i g h t caused by Ascochyta r a b i e i is undoubtedly the major
cause of crop l o s s . Disease development and spread are favored by
c o o l , humid cond i t i ons and i t i s t he re fo re found in epidemic form
normal ly only in nor thwestern I n d i a , westwards i n t o West As ia , and
the Mediterranean b a s i n . I t has caused crop losses est imated at
50% in the Punjab and Thai areas of I nd ia and Pakistan and in
1981-82 caused s u b s t a n t i a l losses throughout no r th I n d i a .
Gray mold, caused by B o t r y t i s c i ne rea , is a lso favored by
humid cond i t i ons but is adapted to s l i g h t l y warmer temperatures
than those f a v o r i n g ascochyta b l i g h t . I t i s endemic i n
nor theas tern I n d i a , extending i n t o Bangladesh and probably Burma.
S tun t , caused by pea l e a f r o l l v i r u s , is widespread in h igher
l a t i t u d e s . Inc idence is genera l l y low, but l o c a l i z e d heavy losses
can occur . Several o ther v i r u s problems have been repor ted but
t h e i r inc idence and importance are p resen t l y n e g l i g i b l e .
Pests. Losses due to pests are smal l r e l a t i v e to other pu lses ,
probably due to the sec re t i on by the crop of a h i g h l y a c i d i c
exudate. Only two major pests are recogn ized. (1) H e l i o t h i s spp
damage vege ta t i ve par ts and can cause complete d e f o l i a t i o n but the
crop usua l l y recovers from vege ta t i ve damage and g rea tes t losses
a r i se from damage to f l owers and f r u i t s . The pest occurs
throughout ch ickpea-produc ing areas. In I n d i a , losses between 0 
and 30% are genera l l y est imated but can be as h igh as 100%.
S i m i l a r ranges have been repor ted e lsewhere. (2) The l e a f miner
(L i r iomyza c i c e r i n a ) is d i s t r i b u t e d throughout West Asia and the
Mediterranean b a s i n . The ex ten t of crop loss is unce r ta i n but
probably s i m i l a r to t ha t caused by H e l i o t h i s .
Various roo t knot and cys t - f o rm ing nematodes have been
recorded on ch ickpeas. Losses have not been est imated but are
l o c a l l y severe.
Weeds. Al though chickpea is grown on r e s i d u a l s o i l mo i s tu re , weeds
are major problems in many envi ronments. Est imates of crop loss
due to weeds range between 22 and 100%.
Inadequate and excessive s o i l moisture. Seedbed mois ture is
f r e q u e n t l y inadequate f o r seed germinat ion and emergence and the
most l i k e l y cause of the poor stands f r e q u e n t l y observed in
commercial p l a n t i n g s . Crop areas are a lso reduced when r a i n f a l l
does not occur at sowing t i m e . In South Asia and the Mediterranean
basin evapora t ive demand is h igh throughout the growing season and
the rap id d e p l e t i o n o f s o i l mois ture i s one f a c t o r c u r t a i l i n g crop
growth , thereby p reven t ing the a t ta inment of maximum p r o d u c t i v i t y .
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By c o n s t r a s t , in pa r t s of nor thern Ind ia s l i g h t l y more than
adequate s o i l moisture i n h i b i t s f l owe r i ng and f r u i t i n g and causes
excessive vege ta t i ve growth. This leads to l o d g i n g , aggravat ion o f
disease problems, and reduced y i e l d s .
Inadequate s o i l n u t r i e n t s . In common w i t h other legumes, chickpea
forms symbiot ic assoc ia t ions w i t h s o i l r h i z o b i a t h a t f i x n i t r ogen
from the atmosphere. In p r a c t i c e , nodu la t ion and n i t r ogen f i x a t i o n
are f r e q u e n t l y poor and responses to i n o c u l a t i o n i n c o n s i s t e n t ,
probably due to unfavorable s o i l cond i t i ons such as inadequate
moisture o r s a l i n i t y .
Requirements f o r phosphate and responses to i t s a p p l i c a t i o n
are s m a l l . N i t rogen requirements are grea ter and responses to
n i t rogen a p p l i c a t i o n are l a r g e r and more c o n s i s t e n t . In the
a l k a l i n e s o i l s in which chickpea is genera l l y grown, symptoms of
i r on d e f i c i e n c y are common. Zinc d e f i c i e n c y has a lso been
r e p o r t e d . Chickpea i s h i g h l y s e n s i t i v e to s a l i n i t y and a l k a l i n i t y ,
which cause major crop losses in the Ind ian subcon t inen t .
Crop Improvement
Germplasm. There are more than 13,000 accessions in ICRISAT's
chickpea germplasm c o l l e c t i o n . They o r i g i n a t e from most areas
where chickpea is grown.
V a r i a t i o n has been i d e n t i f i e d f o r many impor tan t
morpho log ica l , p h y s i o l o g i c a l , and d isease- and i n s e c t - r e s i s t a n c e
cha rac te r s . Methods of screening have been developed, and are now
being used in breeding programs, to i nco rpo ra te the charac ters i n t o
improved agronomic backgrounds.
The morpholog ica l charac ters i d e n t i f i e d i n c l u d e : t a l l t ypes ;
mult iseeded pods; double pods; increased seed s i z e ; l e a f shape;
and f o l i a g e c o l o r . The p h y s i o l o g i c a l / p h e n o l o g i c a l charac te rs
i n c l u d e : d u r a t i o n ; adapta t ion to e a r l y sowing (South A s i a ) ;
adapta t ion to l a t e sowing ( n o r t h I n d i a ) ; adap ta t ion to w in te r
sowing (Mediterranean b a s i n ) ; a b i l i t y t o germinate w i t h l i m i t e d
seedbed mo is tu re ; to le rance o f mois ture s t r e s s ; to le rance o f i r o n
c h l o r o s i s ; and to le rance of s a l i n i t y . The disease res i s tance
charac ters i n c l u d e : res i s tance to w i l t s and roo t r o t s ; ascochyta
b l i g h t ; b o t r y t i s gray mold; and s t u n t . And the i nsec t res i s tance
charac ter i s res is tance to H e l i o t h i s a rmigera .
Breeding. ICRISAT's germplasm has been made f r e e l y a v a i l a b l e to
other i n s t i t u t i o n s , and more than 70,000 seed samples have been
d i s t r i b u t e d . In a d d i t i o n , sources of u s e f u l charac te rs have been
incorpora ted in breeding programs at ICRISAT and ICARDA and the
products o f these have been d i s t r i b u t e d to o ther i n s t i t u t i o n s in
the form of segregat ing popu la t ions or advanced l i n e s , as t r i a l s or
i n response to s p e c i f i c reques ts . Sets o f d i f f e r e n t t r i a l s are
being d i s t r i b u t e d by ICRISAT and ICARDA. In 1983-84 more than 550
sets were supp l ied to over 60 c o u n t r i e s .
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E n t r i e s from the t r i a l s have been entered in n a t i o n a l t r i a l s
in severa l coun t r i es and are now in prere lease stage of t e s t i n g .
ICCC 4 has been re leased f o r general c u l t i v a t i o n in Gu ja ra t .
ILC 482 is recommended f o r c u l t i v a t i o n in S y r i a . Others are now
being re leased f o r c u l t i v a t i o n under names assigned by the centers
who have i d e n t i f i e d them from ICRISAT m a t e r i a l s , or are in on-farm
t r i a l s ( e . g . , ILC 484 in Jo rdan) .
Cropping Systems for Increasing the Production
of Groundnut, Chickpea, and Pigeonpea in India
R.T. Hardiman and R.W. Willey
ICRISAT, Patancheru P.O., Andhra Pradesh 502 324, India
Introduction
In I nd ia between 1950 and 1980 year l y cerea l p roduc t ion increased
from 45.8 to 119.2 m i l l i o n tonnes, whereas pulse p roduc t ion
increased by only 25%, from 9.2 to 12.2 m i l l i o n tonnes. By
comparison, cropping areas increased by only 25% f o r cerea ls and
18% f o r pu lses . These data suggest t h a t farmers f i n d i t more
p r o f i t a b l e to crop cerea ls than legumes, r e s u l t i n g in a net
decrease in the t o t a l p roduc t ion o f legumes in I nd ia in recent
years . In a d d i t i o n a t t e n t i o n has focused on the development of
i r r i g a t e d lands t h a t have increased from 22.6 to 58.5 m i l l i o n ha
between 1950 and 1980. Consequently, improvement of dry land
farming has rece ived p r o p o r t i o n a t e l y less a t t e n t i o n .
Related research work has concerned (1) the improvement of
cropping systems, (2) the u t i l i z a t i o n o f r a i n f e d water resources in
the ra iny season, w i t h p a r t i c u l a r re ference to b lack s o i l s , and (3)
the development of new c u l t i v a r s . This paper is concerned w i t h the
f i r s t two research s u b j e c t s .
Three cropp ing systems are cons idered: i n t e r c r o p p i n g ,
sequen t ia l c ropp ing , and re lay c ropp ing . In a l l o f them cropping
in the ra iny season is an e s s e n t i a l component. T r a d i t i o n a l
a g r i c u l t u r e does not gene ra l l y inc lude ra iny-season cropping on
t r o p i c a l b lack s o i l s ( V e r t i s o l s ) due to problems o f water logg ing
and crop management. An improved technology developed at ICRISAT
has attempted to reduce these problems by employing a graded
broadbed-and-furrow (BBF) system t h a t permi ts adequate drainage in
the h igher r a i n f a l l areas and reduces wa te r l ogg ing .
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Groundnut
This crop is commonly grown w i t h a ce rea l i n t e r c r o p where i t is the
major component because of i t s importance as a cash c rop . In
ICRISAT s t u d i e s , these systems are mainly represented by a 
m i l l e t / g r o u n d n u t combinat ion grown in a 3:1 row arrangement. This
mainta ins the groundnut y i e l d per p l an t at a l e v e l comparable w i t h
t h a t in s o l e - c r o p p i n g ; as such the y i e l d per u n i t area is about
75% of the sole c rop . Y i e l d per p l an t of pea r l m i l l e t is much
higher than in s o l e - c r o p p i n g , a l though y i e l d per u n i t area is on ly
50-60% of the sole c rop .
The cereal / legume system is p a r t i c u l a r l y advantageous under
cond i t i ons of moisture s t ress and, averaged over 3 years , the
r e l a t i v e y i e l d advantage of a 1:2 row sorghum/groundnut i n t e r c r o p
is g rea te r than 100% under severe s t ress c o n d i t i o n s , but w i t h y i e l d
l e v e l s s t i l l t y p i c a l o f many environments i n the semi -a r i d t r o p i c s .
In a d d i t i o n , reduced inc idence of r us t and bud necros is have
been observed when groundnut is in te rc ropped w i t h a c e r e a l . The
cerea l probably acts as a b a r r i e r to the spread of the disease
i t s e l f , in the case o f the a i r - b o r n e r u s t , and to the i nsec t
v e c t o r , in the case of the bud n e c r o s i s .
Groundnut has a lso been examined as an i n t e r c r o p w i t h
pigeonpea. Standard arrangements have been a s i n g l e row of
pigeonea at 120 cm or 180 cm, w i t h 3 or 5 i n t e r v e n i n g rows of
groundnut , r e s p e c t i v e l y . Both arrangements have averaged about 80%
or more of each component, g i v i n g a y i e l d advantage of 60-70%.
Data on the n i t rogen f i x a t i o n of groundnut or pigeonpea have
shown apprec iab le b e n e f i c i a l r e s i d u a l e f f e c t s on subsequent
nonlegume c rops , equ iva len t to 30-40 kg/ha of app l ied N. When
i n t e r c r o p p e d , r e s i d u a l e f f e c t s of only 15-20 kg/ha N have been
recorded f o r groundnut, most of which is not u t i l i z e d by the
suppor t ing nonlegume i n t e r c r o p (though there is con t ra ry evidence
elsewhere i n I n d i a ) .
Chickpea
Chickpea is normal ly sown in the pos t ra iny season in I nd i a and is a 
second crop where a sequen t i a l cropping p a t t e r n is employed. The
crop is t h e r e f o r e usua l l y grown on heavy s o i l s , where postmonsoon
moisture reserves are h i g h .
Exper imenta l f i e l d w o r k has shown the maize/chickpea com-
b i n a t i o n to be a p roduc t i ve system, and gross r e t u r n s (US$ 530/ha
equ i va len t ) are very s i m i l a r to the cerea l /p igeonpea system
descr ibed below ($ 538/ha f o r maize/p igeonpea) . However, net
re tu rns are ra the r lower in the sequen t ia l system ($ 306/ha)
compared w i t h i n t e r c r o p p i n g ($ 365/ha) due to ex t ra costs in
e s t a b l i s h i n g the second c rop .
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A poss ib le compromise between the two systems is to sow
chickpea f o l l o w i n g the harvest of maize in a maize/pigeonpea
i n t e r c r o p . In one year t h i s gave an a d d i t i o n a l pulse y i e l d of 528
kg /ha , which was 30% of the so le -c rop y i e l d , and w i t h no y i e l d
reduc t i on of pigeonpea. However, in a f u r t h e r year the chickpea
crop f a i l e d . This t h ree -c rop system is perhaps best seen as
o p t i o n a l , and the chickpea is added only when there is s u f f i c i e n t
r e s i d u a l s o i l mois ture f o r f u r t h e r growth.
Chickpea is commonly in te rc ropped w i t h wheat, sorghum,
sa f f l owe r or mustard. A 1:1 row arrangement of ch ickpea/ sa f f l ower
gave y i e l d advantages up to 15-20%, but none was achieved in a 1:2
row arrangement. It was thought t h a t in the 1:1 row arrangement
there was a smal l b e n e f i c i a l e f f e c t of shading on the ch ickpea.
S i m i l a r y i e l d advantages of 15-20% have been recorded w i t h
sorghum/chickpea at ICRISAT Center, where a 1:1 row arrangement was
b e t t e r than 1:2.
Pigeonpea
This medium- to l o n g - d u r a t i o n crop is normal ly p lanted at the
beginning o f the ra i ny season. I t s i n i t i a l vege ta t i ve growth i s
slow and an i n t e r c r o p can be grown w i t h it to improve the o v e r a l l
use of resources . Experiments have shown t h a t sorghum/pigeonpea
combined in a 2:1 r a t i o g ive best r e s u l t s and can main ta in up to
95% of the sole-sorghum y i e l d and up to 72% of the sole-pigeonpea
y i e l d , thus p r o v i d i n g a 60-70% y i e l d advantage compared w i t h
growing sole c rops . This advantage occurs because of g rea te r t o t a l
l i g h t i n t e r c e p t i o n and f u l l e r use of mois ture and n u t r i e n t
resources .
The 2:1 sorghum/pigeonpea combinat ion is p a r t i c u l a r l y
impor tan t in the i n c o r p o r a t i o n of the BBF technology on V e r t i s o l s ,
i nc reas ing both abso lu te y i e l d and a l l ow ing f o r two crops to be
grown per year . I t a lso negates the necess i t y f o r h u r r i e d
c u l t i v a t i o n and bed p repara t i on t h a t would otherwise be needed f o r
the es tab l ishment of a pos t ra iny c rop . This i n t e r c r o p p i n g p a t t e r n
is equa l l y app l i cab le to the deeper red s o i l s t h a t occur
e x t e n s i v e l y in I n d i a . The i r lower wa te r -ho ld i ng c a p a c i t y , however,
demand a more even d i s t r i b u t i o n of r a i n f a l l in order to avoid
problems of d rough t .
I n t e r c r o p p i n g i n t e r a c t i o n s between the sorghum and the
pigeonpea have reduced the inc idence of fusar ium w i l t in pigeonpea.
Conversely, a sorghum i n t e r c r o p may increase H e l i o t h i s a t tack due
t o the t r a n s f e r o f H e l i o t h i s t o the pigeonpea a f t e r i t s i n i t i a l
popu la t i on increase on the sorghum.
An a l t e r n a t i v e to i n t e r c r o p p i n g pigeonpea is to sow a sole
crop of an e x t r a - e a r l y c u l t i v a r . Such dwarf c u l t i v a r s sown in June
in a 1-year t r i a l has y i e l ded 2000-2500 kg/ha at harvest in October
and, l e f t to regenera te , y i e l ded a f u r t h e r 1200 kg/ha in
December-January and 1000 kg/ha in March, thus t o t a l i n g 4500-5000
kg/ha compared w i t h a maximum of 2000-2500 kg/ha from convent iona l
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systems. This system not on ly produces h igh y i e l d s but reduces
labor i npu ts cons ide rab l y .
S i m i l a r l y , pigeonpea may be sown as a pe renn ia l c rop . This
was p rev i ous l y not poss ib le because o f i t s s u s c e p t i b i l i t y to
s t e r i l i t y mosaic disease and w i l t . However, newly developed l i n e s
( e . g . , ICPL 1-6) are r e s i s t a n t to these diseases and can be
es tab l i shed by p l a n t i n g a f t e r the monsoon. The ensuing crop is
then w e l l developed by the t ime of the f o l l o w i n g ra iny season and
has the added advantage t h a t i t suppresses weed growth throughout
the year , thus reducing c u l t i v a t i o n and labor i npu ts even f u r t h e r .
Conclusion
The r e s u l t s descr ibed above i n d i c a t e t h a t legumes can o f t en be
inco rpora ted i n t o present cropping pa t te rns w i thou t causing a major
decrease in ce rea l p r o d u c t i o n . Moreover, the monetary r e tu rns t h a t
can be obta ined by i n t r o d u c i n g these legumes are cons iderab le and
compete favo rab ly w i t h p r o f i t s obta ined from c e r e a l s . The cropping
systems can be e a s i l y used by farmers w i thou t r e q u i r i n g major
changes in t r a d i t i o n a l p r a c t i c e s . Rainy-season cropp ing on deep
V e r t i s o l s i n the h igher r a i n f a l l a reas, however, r equ i res c a r e f u l
p repa ra t i on o f the land to prov ide sur face drainage f o r success fu l
c u l t i v a t i o n .
ICRISAT's Training Program
A.S. Murthy
ICRISAT, Patancheru P.O., Andhra Pradesh 502 324, India
Introduction
A g r i c u l t u r a l research and development programs in the semi -a r i d
t r o p i c s (SAT), aimed at improv ing the p roduc t ion and u t i l i z a t i o n of
coarse g ra ins in genera l and g r a i n legumes in p a r t i c u l a r , are o f t en
hampered by an i n s u f f i c i e n t number of q u a l i f i e d and experienced
s c i e n t i f i c , t e c h n i c a l , and se rv i ce pe rsonne l . S c i e n t i s t s who are
c u r r e n t l y work ing on research problems w i t h i n ICRISAT's mandate are
u s u a l l y geog raph i ca l l y i s o l a t e d and o f t e n w i t hou t access to the
adapted germplasm and the technology requ i red f o r e f f e c t i v e
research work.
ICRISAT's t r a i n i n g program was i n i t i a t e d in 1974 to prov ide
educa t iona l o p p o r t u n i t i e s f o r such personnel work ing in n a t i o n a l ,
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r e g i o n a l , and i n t e r n a t i o n a l a g r i c u l t u r a l research and development
programs of the r a i n f e d SAT.
Since 1974, 824 t r a i nees from 66 coun t r i es have been e n r o l l e d
in our t r a i n i n g program. The t o t a l group from Asia was about 500.
Our annual i n take is about 60 persons f o r the ra i ny season (15 May
to 15 November) and 15 f o r the pos t ra iny season (15 September to 15
March).
The emphasis in t r a i n i n g is on developing p r a c t i c a l s k i l l s and
p r o v i d i n g t h e o r e t i c a l support through c o n s u l t a t i o n and classroom
i n s t r u c t i o n . ICRISAT Center prov ides access to s c i e n t i f i c
l i t e r a t u r e , genet ic resources, improved techno logy , modern
equipment, and an environment t y p i c a l of the SAT f o r p r a c t i c a l
educa t iona l exper iences. The t r a i n i n g courses l i n k e x i s t i n g
n a t i o n a l and r e g i o n a l a g r i c u l t u r a l research and development
programs w i t h ICRISAT's s c i e n t i f i c e x p e r t i s e , germplasm resources ,
c o l l e c t i o n o f research f i n d i n g s , and f a c i l i t i e s t ha t are not
r e a d i l y a v a i l a b l e e lsewhere. The personnel t r a i n e d have
strengthened t h e i r own reg iona l research and extens ion programs as
research workers , research a d m i n i s t r a t o r s , t r a i n e r s , and
research-and-ex tens ion workers . Some have proceeded f o r h igher
s tud ies lead ing to an M.Sc. or a Ph.D.
Training Categories
The I n s t i t u t e has es tab l i shed s i x ca tegor ies of t r a i n e e s , as
f o l l o w s .
I n t e r n a t i o n a l I n t e r n s are accepted from developed coun t r i es to
work in the i n t e r n a t i o n a l a g r i c u l t u r a l research and development
programs.
Research Fel lows are from coun t r i es in the SAT and must have
recen t l y rece ived an M.Sc. or Ph.D. degree. They are assigned to
a s p e c i f i c research problem r e l a t e d to ICRISAT's o v e r a l l research
program. Research f e l l o w s h i p s are gene ra l l y held f o r 1 year ,
ex tend ib le to a maximum of 2 years .
I n - s e r v i c e Fel lows are employees in n a t i o n a l research programs
and are nominated by the country programs f o r s h o r t - t e r m f i e l d and
labo ra to r y exper ience at ICRISAT Center, to enable them to improve
t h e i r knowledge and s k i l l s . They should have a B.Sc. degree, but
p r e f e r a b l y an M.Sc. or Ph.D. They develop i n d i v i d u a l programs of
work dur ing t h e i r s tay at ICRISAT, and work w i t h the Cen te r ' s
research s c i e n t i s t s . The du ra t i on of an i n - s e r v i c e f e l l o w s h i p is
1-6 months, and f e l l o w s are paid a conso l ida ted s t i p e n d .
The Research Scholar program is designed f o r M.Sc. or Ph.D.
degree candidates from coun t r i es in the SAT or those i n t e r e s t e d in
working in these c o u n t r i e s . Candidates complete course work at
se lec ted u n i v e r s i t i e s and conduct research f o r an M.Sc.
d i s s e r t a t i o n or Ph.D. t h e s i s at ICRISAT or any o ther place
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superv ised by ICRISAT s t a f f . They are g iven a s t i pend wh i l e
res i d en t at ICRISAT.
I n - s e r v i c e Trainees are nominated by t h e i r employers in
n a t i o n a l programs in coun t r i es in the SAT. They must have a degree
or a d ip loma. They are o f f e red an i n d i v i d u a l i z e d 6-month
i n s t r u c t i o n a l program w i t h emphasis on the p r a c t i c a l a p p l i c a t i o n of
s k i l l s and technology f o r the SAT.
Appren t i cesh ips are f o r i n d i v i d u a l s seeking vaca t ion study
programs between degree courses. They are o f f e red p r a c t i c a l
exper ience in a s p e c i f i c area of i n t e r e s t w i t h i n ICRISAT's mandate
and f a c i l i t i e s . The du ra t i on is from 1 to 9 months. They are
s e l f - s u p p o r t e d .
We a lso o f f e r spec ia l t r a i n i n g programs f o r s c i e n t i s t s ,
a d m i n i s t r a t o r s , agencies concerned w i t h a g r i c u l t u r a l i n p u t s , and
o thers connected w i t h the t r a n s f e r o f technology to fa rmers .
ICRISAT's i n - s e r v i c e t r a i n i n g program o f f e r s t r a i n i n g i n th ree
major a reas : crop p r o d u c t i o n , crop improvement, and farming
systems. Up to December 1983 we have received 10 ra i ny season
i n - s e r v i c e groups and 4 pos t ra iny season i n - s e r v i c e groups. The
groundnut t r a i n i n g program is o f f e red both in the ra iny and
pos t ra iny seasons. The pigeonpea program is from 15 September to
15 March. The chickpea program is o f f e red only in the pos t ra iny
season. From South A s i a , we have had 22 i n - s e r v i c e t r a i n e e s , and
19 research s c h o l a r s , and from Southeast Asia 68 i n - s e r v i c e
t r a i n e e s , 7 research s c h o l a r s , 4 research f e l l o w s , and 6 i n - s e r v i c e
f e l l o w s . Most of these t r a i n e e s had a B.Sc. degree, and some had
an M.Sc. or Ph.D.
Course Contents
Our t r a i n i n g methods emphasize the development of p r a c t i c a l s k i l l s
and t h e o r e t i c a l support through classroom i n s t r u c t i o n and
c o n s u l t a t i o n . A t y p i c a l 6-month ra iny season program s t a r t s w i t h a 
genera l and c u l t u r a l o r i e n t a t i o n . Nonanglophone p a r t i c i p a n t s
undergo a p r i o r i n t e n s i v e Eng l i sh t r a i n i n g course f o r 8 weeks at
Osmania U n i v e r s i t y , Hyderabad. Each t r a i n e e lays out two
experiments and an i n t e r n a t i o n a l t r i a l or a demonst ra t ion . They
develop s k i l l s in nursery management, t a k i n g obse rva t i ons , and
record ing and ana lyz ing da ta . They have up to 8 weeks of
l a b o r a t o r y p r a c t i c e i n entomology, pa tho logy , phys io logy ,
m i c r o b i o l o g y , and o ther d i s c i p l i n e s , as r e q u i r e d . The mornings are
gene ra l l y devoted to f i e l d w o r k and the af ternoons to classroom
a c t i v i t i e s and seminars. They are g iven o p p o r t u n i t i e s to v i s i t
l o c a l ex tens ion programs, a g r i c u l t u r a l u n i v e r s i t i e s , research
farms, seed-product ion programs, e t c . , in the SAT of southern
I n d i a . They are g iven assignments to check t h e i r progress in
understanding the l e c t u r e m a t e r i a l s . The course ends w i t h an
eva lua t i on of the t r a i n e e and the program.
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Participation and Funding
Trainees are accepted on nominat ion by t h e i r employers, coupled
w i t h the expec ta t ion t h a t t h e i r f u t u r e work w i l l be in the SAT.
The t r a i n i n g requested must be w i t h i n ICRISAT's c a p a b i l i t i e s and be
compat ib le w i t h our research programs at ICRISAT Center , the
Sahel ian Center , and other c o l l a b o r a t i v e s t a t i o n s in the SAT, The
a v a i l a b i l i t y o f s t a f f and f a c i l i t i e s at ICRISAT Center is an
impor tant cons ide ra t i on in accept ing the t r a i n e e s . Up to fou r
persons per country are usua l l y accepted f o r each cyc le by
s e l e c t i o n from an ordered l i s t of recommendations submit ted by
sponsors. A b i l i t y to communicate in Eng l i sh is an impor tant
requirement ( t o permi t the t r a i nees to b e n e f i t f u l l y from
i n t e r a c t i o n w i t h l o c a l s t a f f ) .
A l a rge number of t r a i nees have been supported from ICRISAT
core funds (189) . Some have been s e l f - p a i d (36) or supported by
governments ( 2 7 ) , the World Bank ( 2 1 ) , UNDP ( 2 1 ) , and FAO ( 1 3 ) .
The IDRC, IADS, USAID, IMC, the Peanut CRSP, the Ford Foundat ion,
e t c . , have a lso supported a few i n d i v i d u a l s .
The e a r l y 1984 cost of t r a i n i n g is around US$600 per month,
p lus t r a v e l to ICRISAT and r e t u r n . During t h e i r stay at ICRISAT
Center the t r a i nees are paid an i n c i d e n t a l al lowance of $55-75 per
month depending on t h e i r ca tegory , and a food al lowance of
approximate ly $2.75 per day. Fel lows who p re fe r to stay ou ts ide
ICRISAT Center are prov ided al lowances depending on the cost of
l o c a l housing and, in some cases, support is g iven f o r f a m i l i e s who
accompany long- te rm scholars and f e l l o w s . Trainees are a lso
provided a book al lowance of $100-150.
Fol low-up to t r a i n i n g courses operates through persona l ized
correspondence, v i s i t s by ICRISAT s c i e n t i s t s to n a t i o n a l programs,
and the supply of seed m a t e r i a l , p u b l i c a t i o n s , and repo r t s from
ICRISAT Programs.
( E d i t o r i a l no te : Not summarized. This is the complete paper, as
presented. )
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Country Papers
Groundnut in India:
Present Status and Future Strategy
P.S. Reddy
All India Coordinated Research Project on Oilseeds, Punjabrao Krishi Vidyapeeth,
Akola, Maharashtra 444 104, India
Present Situation
In I nd ia groundnut is c u l t i v a t e d over about 7.2 m i l l i o n ha (40% of
the wor ld a r e a ) , w i t h an annual p roduc t ion of 6.0 m i l l i o n tonnes of
nuts in s h e l l (33% of wor ld p r o d u c t i o n ) . Some 80% of the area and
84% of p roduc t ion is conf ined to the s ta tes of Gu ja ra t , Andhra
Pradesh, Tamil Nadu, and Maharashtra. The remaining 20% area and
16% produc t ion is sca t te red in the r es t of the coun t r y .
Gujarat . About 80% of the groundnut area is under V i r g i n i a Runner
types : Ah.334 and Pun jab -1 , both of which are s lowly being
replaced by GAUG-10. Spanish Bunch types are grown in about 20% of
the area. J-11 i s c u r r e n t l y the popular c u l t i v a r ; but i t i s being
replaced by the r e c e n t l y re leased GAUG-1 and JL-24 .
Andhra Pradesh. The p r i n c i p a l improved c u l t i v a r s grown in t h i s
s ta te are K a d i r i 71-1 ( V i r g i n i a Runner) and K a d i r i - 2 and K a d i r i - 3
(Robut 33-1) (both V i r g i n i a Bunch t y p e s ) .
Tamil Nadu. About 92% of the groundnut area in the s ta te is under
Spanish Bunch c u l t i v a r s , most ly TMV-2 but a lso TMV-7 and other
improved and l o c a l c u l t i v a r s . P o t e n t i a l l y impor tan t new c u l t i v a r s
are Co-1 , TMV-12, and JL-24.
Karnataka. Popular Spanish Bunch c u l t i v a r s are Spanish Improved,
S.206, and the r e c e n t l y re leased Dh.3-30. Kopergaon-1 and S-230
are the favored V i r g i n i a Bunch and V i r g i n i a Runner v a r i e t i e s .
Maharashtra. About 60% of the groundnut area is p lan ted to Spanish
Bunch c u l t i v a r s . A f u r t h e r 35% is under V i r g i n i a Runners and the
remaining 5% is under V i r g i n i a Bunch. Popular Spanish Bunch
c u l t i v a r s are AK.12-24 and SB X I . The r e c e n t l y re leased Spanish
Bunch c u l t i v a r , JL-24 (Phule P r a g a t i ) , i s r a p i d l y r e p l a c i n g e a r l i e r
c u l t i v a r s . A d d i t i o n a l Spanish Bunch c u l t i v a r s are Kopergaon-3 or
T i j a , a Valencia t y p e . Karad 4-11 and Kopergaon-1 are the most
popular V i r g i n i a Runner and V i r g i n i a Bunch c u l t i v a r s . The r e c e n t l y
released c u l t i v a r s M-13 and TMV-10 have been recommended f o r
c u l t i v a t i o n i n t h i s s t a t e .
Madhya Pradesh. Bunch types occupy about 70% of the area. The
Valencia type Gangapuri is the most popu la r , fo l lowed by AK.12-24
and J y o t i , both Spanish Bunch. V i r g i n i a Runners ( l o c a l and M-13)
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are grown in about 20% of the a rea . V i r g i n i a Bunch types occupy
about 10% of the a rea . Gangapuri , J y o t i , and AK.12-24 are the most
popular c u l t i v a r s f o r i r r i g a t e d c u l t i v a t i o n .
Uttar Pradesh. About 90% of the area is covered by V i r g i n i a
Runners (T-28 , Chandra, and M-13) and the remaining 10% is under
the V i r g i n i a Bunch group (T -64 ) .
Rajasthan . Popular c u l t i v a r s are AK.12-24 (Spanish Bunch), RSB.87
( V i r g i n i a Bunch), RS-1 and M-13 ( V i r g i n i a Runner). In i r r i g a t e d
areas wheat f o l l o w s groundnut, and V i r g i n i a Bunch c u l t i v a r s RSB-87
and RS-138 are f avo red .
Orissa. Some 90% of the area is under Spanish Bunch t ypes ,
p a r t i c u l a r l y AK.12-24. The remaining 10% is covered by V i r g i n i a
Runners, e s p e c i a l l y Pun jab-1 , TMV-3, and M-13.
Punjab. The e n t i r e area is covered by V i r g i n i a Runners, mainly
Punjab-1 but a lso M-145 and M-13.
Research Accomplishments
Int roduct ion. Research is being c a r r i e d out under the A l l I nd i a
Coordinated Research Pro jec t on Oi lseeds (AICORPO) in 17 c e n t e r s ,
i n assoc ia t i on w i t h 25-30 vo lun ta ry cen te rs .
Improved c u l t i v a r s . Some 32 improved groundnut c u l t i v a r s have been
released in th ree hab i t groups: Bunch (Span ish /Va lenc ia ) ,
Semi-spreading ( V i r g i n i a Bunch) and Spreading ( V i r g i n i a Runner).
A l l these c u l t i v a r s proved to possess h i g h - y i e l d p o t e n t i a l coupled
w i t h good market q u a l i t i e s .
Time of sowing, spacing, and f e r t i l i z e r doses. Recommendations are
given in the f u l l paper, by s t a t e . For best r e s u l t s sowing should
be done between the 1st week of June and e a r l y J u l y . The q u a n t i t y
of we l l -deve loped seed requ i red at the recommended spacings w i l l be
about 110 kg/ha f o r V i r g i n i a group c u l t i v a r s and 120 kg/ha f o r the
Spanish Bunch group. Most farmers who use f e r t i l i z e r s apply only N 
and P205 because most of the Ind ian s o i l s are r i c h in K2O. In
v i r g i n lands where groundnut is newly i n t r o d u c e d , however, the
a p p l i c a t i o n o f r h i z o b i a l c u l t u r e s through seed t reatment i s
recommended.
Weed contro l . Weeds cause cons iderab le losses in y i e l d . A 
reduc t ion of 25-45% has been recorded due to i n f e s t a t i o n ,
e s p e c i a l l y du r ing e a r l y crop development. Weeds can be c o n t r o l l e d
e f f e c t i v e l y by the use of Lasso or Tok-E-25 weed ic ides .
I r r i g a t i o n . The water requirement of the crop grown in red sandy
loams has been es t imated at 590-660 mm, whereas in b lack c lay loams
only 430 mm are r e q u i r e d . The optimum number of i r r i g a t i o n s
necessary f o r r a i s i n g a success fu l groundnut crop range from 8 to
12 depending upon the s o i l t ype , hab i t group, and p l an t d e n s i t y .
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Control of pests and diseases . Aphids, j a s s i d s , l e a f miner , red
ha i r y c a t e r p i l l a r , wh i te g rub , and l e a f - e a t i n g c a t e r p i l l a r are
major pes t s . The major diseases are l e a f spots ( t i k k a ) , c o l l a r
r o t , dry roo t r o t , stem r o t , r u s t , bud n ec ros i s , and ye l low mold.
Chemical and c u l t u r a l c o n t r o l measures recommended f o r pests and
diseases are given in the f u l l paper.
Intercropping . Various cropping systems w i t h groundnut have been
found to be remunerat ive in d i f f e r e n t r eg ions : w i t h castor ( r a t i o
2 : 1 ) , hyb r id sorghum ( 3 : 1 ) , sunf lower ( 4 : 2 ) , pigeonpea (3 :1 ) , and
black gram ( 3 : 1 ) .
Results of Field Demonstrations
The produc t ion technology generated at d i f f e r e n t AICORPO research
centers was f i e l d - t e s t e d by o rgan i z ing f i e l d demonstrat ions of 1 
acre (0 .4 ha) each in the farmers' f i e l d s f o r 3 years (1980-82) .
Resu l t i ng data show t h a t in a l l but one case the improved package
recommended gave increased y i e l d s over the farmers' methods. The
mean increase over the 3 years ranged from 26.9 in Gujara t to
100.8% in Rajasthan. A rough est imate shows t h a t adopt ion of
improved technology could increase ra iny-season groundnut
produc t ion from i t s present l e v e l o f 5.3 m i l l i o n tonnes to 7.5
m i l l i o n tonnes—an increase by 2.2 m i l l i o n tonnes or 40%.
Research Gaps
The f o l l o w i n g are the research problems r e q u i r i n g p r i o r i t y
a t t e n t i o n .
Cult ivar requirements. Ea r l y -matu r ing V i r g i n i a Runner c u l t i v a r s
f o r G u j a r a t , Punjab, and par t o f Maharashtra. C u l t i v a r s t o l e r a n t
to ea r l y drought f o r Andhra Pradesh, Tamil Nadu, and Karnataka, and
to l a t e drought in G u j a r a t , Maharashtra, and Madhya Pradesh.
Spanish Bunch c u l t i v a r s w i t h f r esh seed dormancy to avoid y i e l d
losses when the matured crop is exposed to unt imely r a i n s .
C u l t i v a r s responsive t o i r r i g a t i o n and f e r t i l i z a t i o n e x c l u s i v e l y
f o r p o s t r a i n y - and dry-season c u l t i v a t i o n , and c u l t i v a r s w i t h
s t rong peg attachment to reduce pod losses in the s o i l .
Agronomic and physiological problems. Quick loss of seed v i a b i l i t y
in the case of dry-season i r r i g a t e d n u t s . And i r o n c h l o r o s i s in
Gu ja ra t , Karnataka, and Maharashtra (where groundnut is grown in
black s o i l s r i c h i n c a l c i u m ) .
Entomological problems. White grubs in U t ta r Pradesh, Rajasthan,
and Punjab. Leaf miner in Andhra Pradesh, Tamil Nadu, Karnataka,
and Maharashtra. And red ha i r y c a t e r p i l l a r in Andhra Pradesh,
Tamil Nadu, and Karnataka.
Pathological problems. Leaf spots a l l over the coun t r y . Rust in
Gu ja ra t , Andhra Pradesh, Tamil Nadu, Karnataka, Maharashtra, and
Madhya Pradesh. Co l l a r r o t in U t t a r Pradesh, Rajasthan, and
34
Punjab. Dry roo t r o t in U t t a r Pradesh and Rajasthan. S c l e r o t i a l
r o t in b lack s o i l s ( G u j a r a t , Maharashtra, and Karnataka) . Bud
necros is in Andhra Pradesh, Madhya Pradesh, Tamil Nadu, Karnataka,
and Maharashtra. And clump disease in Punjab.
Future Strategy and Research Links
Work on these research problems by AICORPO is in d i f f e r e n t s tages.
The s o l u t i o n s found f o r some of them are expensive and, f o r them,
cheaper techniques need to be developed. For the c o n t r o l of pests
and diseases more emphasis should be l a i d on c u l t u r a l and
b i o l o g i c a l measures than on chemical c o n t r o l . Resistance breeding
programs are in t h e i r i n i t i a l s tages, but sources o f res i s tance f o r
the major pests and diseases are now a v a i l a b l e . These sources w i l l
be acqui red e i t h e r f o r d i r e c t i n t r o d u c t i o n or f o r use in
h y b r i d i z a t i o n programs.
Status of Chickpea and Pigeonpea Improvement in India
Satish Chandra
Indian Agricultural Research Institute, Kanpur, Uttar Pradesh 208 024, India
Introduction
Chickpea is the most impor tant and pigeonpea the second most
impor tan t pulse crop of I nd ia in terms of area as w e l l as
p r o d u c t i o n . The former occupies 7.79 m i l l i o n ha, w i t h a p roduc t ion
of 4.68 m i l l i o n tonnes annua l l y , and the l a t t e r 2.76 m i l l i o n ha,
producing 1.47 m i l i o n tonnes annua l l y .
Twenty a d m i n i s t r a t i v e d i s t r i c t s have an average chickpea
product ion of more than 1000 kg /ha . A regress ion ana lys i s of
count ry-wide t rends f o r the decade 1970-71 to 1979-80 showed t h a t
t h i s crop is l o s i n g hectarage at the ra te of 50,000 ha y e a r l y ,
r e s u l t i n g in an average dec l i ne of 22,000 t / y r . However, the
average y i e l d has r i s e n annual ly by 2.8 kg /ha .
Annual data of pigeonpea produc t ion show great v a r i a b i l i t y
w i t h i n s t a t e s , as w e l l as w i t h i n the country as a whole. Ana lys is
of c u l t i v a t i o n data of t h i s crop shows a p o s i t i v e t r e n d , suggest ing
a r i s e of 27,000 ha /y r and of 17,000 t / y r , the average increase
being 2.5 kg/ha per year .
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Research work on both crops is being c a r r i e d out w i t h i n a 
n a t i o n a l network of 29 research centers under the auspices of the
A l l I n d i a Coordinated Pulse Improvement P ro jec t (o f the Ind ian
Counci l o f A g r i c u l t u r a l Research).
Chickpea: Research Achievements
C u l t i v a t i o n of t h i s crop has been pushed i n t o poor marg ina l lands
because of the expansion of the area under h i g h - y i e l d i n g ce rea l
c u l t i v a r s , assoc ia ted w i t h the count ry -w ide program to increase the
use of i r r i g a t i o n . Never the less , there has been a smal l r i s e in
i t s average p r o d u c t i v i t y .
Improved c u l t i v a r s . Impor tant s tab le and w ide ly adapted genotypes
i d e n t i f i e d by the Pro jec t a re : C 235, H 208, Radhey, K 850, and
L 550 (a k a b u l i t y p e ) . A few v a r i e t i e s t h a t have res i s tance to
w i l t disease are a lso popu lar : H 355, A n n i g e r i , and Av rodh i .
There has been success w i t h some new chickpea c u l t i v a r s r e s i s t a n t
to ascochyta b l i g h t in nor thwestern I nd ia ( the Pun jab) , where G 543
and C 235 have been accepted f o r c u l t i v a t i o n .
Researchers are a lso a t tempt ing to develop new c u l t i v a r s of
chickpea f o r i r r i g a t e d areas , p a r t i c u l a r l y those where
h i g h - y i e l d i n g c u l t i v a r s o f r i c e are e x t e n s i v e l y grown. Lines
BG 270, BG 268, and BG 276 have given very encouraging y i e l d s ,
i . e . , more than 3500 kg/ha (and up to 5000 k g / h a ) , as compared w i t h
3500 kg/ha (and up to 5500 kg/ha) f o r wheat. As p r i c e margins are
f a v o r a b l e , and the t o t a l investment per hectare is less than w i t h
wheat, the c u l t i v a t i o n o f chickpea i s a t t r a c t i v e to fa rmers .
Improved crop management. Major gains in p roduc t ion are achievable
through improved weed management, i r r i g a t i o n , and f e r t i l i z e r
a p p l i c a t i o n (20 kg/ha N p lus 40 kg/ha P2O5) , in t h a t order of
impor tance. Recommendations are a v a i l a b l e f o r optimum popu la t ion
d e n s i t i e s and t imes o f p l a n t i n g in dry land fa rm ing .
Crop protect ion. As much as 20% of the chickpea crop in I nd ia is
devastated by pod bo re r s . Very encouraging r e s u l t s have been
obta ined in c o n t r o l l i n g these pests by the a p p l i c a t i o n of
i n s e c t i c i d e s . Endosulphan (0.07% spray) and monocrotophos (0 .1%
spray) app l i ed a t pod i n i t i a t i o n stage c o n t r o l H e l i o t h i s armigera
almost f u l l y . I n p u t / o u t p u t r a t i o s of 1:7 or 1:85 suggest t h a t such
chemical c o n t r o l i s economical ly v i a b l e .
One reason f o r h igh f l u c t u a t i o n in chickpea produc t ion is
disease a t t a c k . W i l t disease and s c l e r o t i n i a r o t cause ser ious
l o s s e s . In the e a r l y 1980s b o t r y t i s gray mold and ascochyta b l i g h t
a lso caused great l o s s e s . Reasonably good r e s i s t a n t l i n e s f o r w i l t
and b l i g h t are now a v a i l a b l e , p a r t i c u l a r l y C 235, G 543, H 75-35,
and GNG 146, which in m u l t i l o c a t i o n t r i a l s have shown a h igh l e v e l
o f f i e l d to le rance t o ascochyta b l i g h t .
Rhizobial inocula t ion . M i c r o b i o l o g i c a l i npu ts o f t h i s low-cos t
b i o f e r t i l i z e r in the form of Rhizobium s t r a i n s have been
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s i g n i f i c a n t i n r a i s i n g the p r o d u c t i v i t y o f ch ickpea. F i e l d t r i a l s
have shown increases ranging from 8 to 35%. Several r h i z o b i a l
s t r a i n s t h a t perform w e l l w i t h given genotypes in g iven
environments have been i d e n t i f i e d , and are recommended f o r f i e l d
use. The most impor tant w ide ly adapted s t r a i n is H 75.
Pigeonpea: Research Achievements
This crop has a wide range of m a t u r i t y pe r i ods , and is grown in
many d i f f e r e n t a g r o c l i m a t i c zones and cropping systems. Most
c u l t i v a r s take more than 180 days to mature, and pigeonpea is
genera l l y i n te rc ropped w i t h sorghum and pea r l m i l l e t . I f
so le -c ropped , c u l t i v a r s matur ing w i t h i n 170 days are normal ly
p l a n t e d . Some ea r l y -ma tu r i ng c u l t i v a r s (140 ±5 days) are grown in
r o t a t i o n w i t h wheat in h i g h - i n p u t areas. There is a lso a smal l
area where pigeonpea is p lanted in September and matures by
mid-March o r A p r i l , along w i t h l o n g - d u r a t i o n c u l t i v a r s p lan ted i n
June-Ju ly .
Improved c u l t i v a r s . The average y i e l d s achieved w i t h improved
c u l t i v a r s from AICPIP exceed 2000 kg/ha and, in l o n g e r - d u r a t i o n
t ypes , up to 3000 kg /ha . Popular c u l t i v a r s a r e : UPAS 120,
Pusa 74, Pusa 84, H 77-216, and AL 15 (120-140 days) ; C11, BDN 1,
BDN 2, and Bahar (170-200 days) ; T 7 and Gwalior 3 (more than 200
days) .
Improved crop management. Recommendations f o r p l an t p o p u l a t i o n ,
i r r i g a t i o n and f e r t i l i z e r requ i rements , and weed management have
been developed by r e g i o n . Optimum d e n s i t i e s and i n t e r c r o p p i n g
systems have a lso been worked ou t , p rov i d i ng choices f o r crop
d i v e r s i f i c a t i o n . P a r t i c u l a r l y recommended i s the i n t e r c r o p p i n g
system f o r pigeonpea and groundnut as an a l t e r n a t i v e choice in
l i g h t - s o i l areas where a p igeonpea/pear l m i l l e t i n t e r c r o p is
t r a d i t i o n a l l y grown.
Crop protect ion. There has been a widespread increase in a t tacks
from p rev ious l y unimportant diseases such as s t e r i l i t y mosaic v i r u s
(SMV), in a d d i t i o n to a t tacks from e x i s t i n g ser ious diseases such
as w i l t . In developing r e s i s t a n t c u l t i v a r s AICPIP use screening
techniques and f a c i l i t i e s developed at ICRISAT. Screening at the
Badnapur Center focuses on these two major d iseases, at the Kanpur
Center on phytophthora stem b l i g h t , and at the Dho l i Center on
a l t e r n a r i a l e a f b l i g h t , phytophthora stem b l i g h t , and SMV. Some
promis ing l i n e s from these programs a r e : DA 105(20) , MA 2, PDA 10,
BSMR-1, - 2 , ICPL 342, 343, 344, 345, and severa l o t h e r s .
The most ser ious pest of pigeonpea is pod f l y (Melanagromyza),
c l o s e l y fo l l owed by H e l i o t h i s and Maruca. The best c o n t r o l is the
a p p l i c a t i o n of i n s e c t i c i d e s at pod i n i t i a t i o n s tage , fo l l owed by a 
second a p p l i c a t i o n , i f necessary, about 10-15 days l a t e r . In
eastern U t t a r Pradesh H e l i o t h i s popu la t ions are low from the end of
December to mid-February . In t h i s reg ion the c u l t i v a r Bahar
e x p l o i t s t h i s phenomenon by podding du r ing t h i s l o w - a c t i v i t y
p e r i o d . Other measures of i n t e g r a t e d pest management are being
i n v e s t i g a t e d .
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Rh izob ia l i n o c u l a t i o n . The response of pigeonpea to the
a p p l i c a t i o n o f r h i z o b i a l c u l t u r e s has been less than w i t h o ther
g r a i n legumes. The reasons f o r t h i s are not f u l l y unders tood, and
are being s t u d i e d .
Future Research and Development
Breeding f o r disease res i s tance i s AICPIP's f i r s t p r i o r i t y i n i t s
R&D work on chickpea and pigeonpea. A t t e n t i o n is focused on
ascochyta b l i g h t , fusar ium w i l t , and b o t r y t i s gray mold o f
ch ickpea, and on s t e r i l i t y mosaic v i r u s , w i l t , and phytophthora and
a l t e r n a r i a b l i g h t s o f pigeonpea.
Other breeding work w i t h chickpea concerns the improvement of
k a b u l i t ypes , p a r t i c u l a r l y to combine bold seed s ize w i t h
res i s tance to ascochyta b l i g h t and h igh y i e l d . In improving
c u l t i v a r s f o r use under i r r i g a t i o n , the t a l l , f as t - g row ing
c u l t i v a r s are mainly used in exper iments , the aim being to achieve
y i e l d s o f 5000 kg /ha . C u l t i v a r s r e s i s t a n t to envi ronmenta l
s t resses are a lso being developed.
In pigeonpea improvement work m u l t i c u t c u l t i v a r s t h a t are
e a r l y - m a t u r i n g and p h o t o i n s e n s i t i v e need to be i d e n t i f i e d .
AICPIP's EXACT t r i a l o f f e r s breeding m a t e r i a l s of immediate
p o t e n t i a l . The i n t r o d u c t i o n o f pigeonpea i n t o , say, the
n o n t r a d i t i o n a l areas o f r i c e f a l l o w s o f f e r s cons iderab le scope f o r
i nc reas ing p r o d u c t i o n . Other breeding work w i l l seek to use such
mechanisms as male s t e r i l i t y , genet ic dwar f ism, h i g h l y se l f ed
breeding behav io r , e t c . , to broaden the genet ic base of breeding
p o p u l a t i o n s . In AICPIP's work w i t h ea r l y -ma tu r i ng pigeonpeas the
aim is to achieve y i e l d p o t e n t i a l s of at l e a s t 3500 kg /ha , and of
5000 kg/ha in l a t e - m a t u r i n g c u l t i v a r s .
Development of Grain Legumes in Indonesia
Sadakin Somaatmadja and B.H. Siwi
Central Research Institute for Food Crops (CRIFC), Jalan Merdeka 99, Bogor, Indonesia
Introduction
The major g r a i n legumes grown in Indonesia are soybean, groundnut ,
and mung bean. They comprise the f o u r t h most impor tant group of
food crops by harvested area a f t e r r i c e , maize, and r o o t s / t u b e r s ,
and are an impor tan t c o n s t i t u t e n t of the n a t i o n a l d i e t . Pigeonpea
and chickpea are at present minor c rops , but have p o t e n t i a l in the
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d r i e r areas of eastern Indones ia , and as components of i n t e g r a t e d
cropping systems.
Soybean
Indonesia produced 652,000 tonnes of soybean in 1983. This
represents an o v e r a l l increase of 58.6% since the beginning of the
f i r s t F ive Year Plan ( P e l i t a ) in 1968 (though w i t h cons iderab le
f l u c t u a t i o n in annual d a t a ) . Most of the increase has been der ived
from a d d i t i o n s to the c u l t i v a t e d area ra the r than from h igher
y i e l d s . About 800,000 ha are now cropped annua l l y , and have
y ie l ded an average of 820 kg/ha over the t h i r d P e l i t a p e r i o d . At
the end o f the f o u r t h P e l i t a in 1988 i t i s p ro jec ted t h a t the
c u l t i v a t e d area of soybean w i l l be 1,381,000 ha producing a t o t a l
of 1,746,000 tonnes, or 1260 kg /ha .
The low y i e l d s of t h i s crop are due to a number of f a c t o r s .
Local unimproved v a r i e t i e s are genera l l y p l a n t e d , and germinat ion
ra tes are low (50-60%). Most farmers regard soybean as a minor
c rop , and so pay l i t t l e a t t e n t i o n to s o i l p repara t i on and such
f i e l d w o r k as weeding and pest c o n t r o l . The major pests a r e :
Ophiomyia phaseo l i a t the seed l ing s tage; Spodoptera l i t u r a ,
P lus ia c h a l c i t e s , Lamprosema i n d i c a t a , and Phaedonia i nc lusa t h a t
a t tack leaves and young pods; and Nezara v i r i d u l a , R i p t o r t u s
l i n e a r i s , and E t i e l l a spp t ha t a t t ack the pods. Rust disease
(caused by the fungus Phakopsora p a c h y r h i z i ) and v i ruses are the
major d iseases.
The Cent ra l Research I n s t i t u t e f o r Food Crops (CRIFC) has
developed a number of soybean c u l t i v a r s f o r r e l ease . These are
no.29, Orba, Galunggung, Lokon, Guntur, and W i l i s . In crop
improvement work the aim is to achieve h igh y i e l d , e a r l y m a t u r i t y
(70-80 days) , res i s tance to l o d g i n g , r u s t , and v i r u s d iseases, wide
a d a p t a b i l i t y to d i f f e r e n t s o i l and c l i m a t i c c o n d i t i o n s , and good
seed q u a l i t y and storage p o t e n t i a l . Wi th improved cropping
p r a c t i c e s , these c u l t i v a r s can y i e l d 2000 kg /ha .
From 1983 l i m i n g and rh izobium i n o c u l a t i o n have been supported
by the government. In 1984 3000 kg/ha of l ime w i l l be app l i ed to
18,000 ha, d i s t r i b u t e d over a number of p rov inces , as a 
demonstrat ion to farmers o f the advantages o f l i m i n g . I t i s
expected t h a t l i m i n g can increase y i e l d s to 1200 or 1500 kg/ha on
c e r t a i n s o i l s . The rh izobium i nocu lan t "Leg in" w i l l be used f o r
seeding 200,000 ha, at a r a te of 150 g /ha .
Groundnut
About 500,000 tonnes of she l l ed groundnuts are produced each year
from s l i g h t l y over 500,000 ha. Product ion has increased by 75%
since 1964-68, but by only 2.5% since 1978. As w i t h soybean, t h i s
increase has masked cons iderab le v a r i a t i o n s from year to year .
Y ie lds are p resen t l y around 900 kg /ha , having r i s e n by an average
of 2.4% per year over the past 13 years . The c u l t i v a t e d area has
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grown by 3.1 % each year in the same p e r i o d . Y ie lds are p ro jec ted
to increase by 5% per year , and the harvested area by 1% per year ,
du r ing the f o u r t h P e l i t a . Such increases would r e s u l t in a t o t a l
p roduc t ion of 873,000 tonnes in 1988.
The y i e l d - l e v e l of groundnut is low because of poor seed
v i a b i l i t y and the l o w - y i e l d i n g p o t e n t i a l o f the l o c a l c u l t i v a r s
p l a n t e d . The major pest is Aproaerema m o d i c e l l a ; the most
impor tan t diseases are w i l t (Pseudomonas solanacearum), l e a f spot
(Cercospora s p ) , r u s t (Pucc in ia a r a c h i d i s ) , and peanut mo t t l e
v i r u s .
Nine improved groundnut v a r i e t i e s have r e c e n t l y been re leased
or are awa i t i ng re l ease : Gajah, Banteng, Macan, Kidang, Rusa,
Anoa, Tupa i , Pelanduk, and T a p i r . High and s tab le y i e l d s through
res i s tance to major pests and d iseases , and to le rance of drought
and h igh r a i n f a l l , are the major breeding aims. Research in the
r e l a t i v e l y dry area of nor thern Aceh showed t ha t groundnut is more
t o l e r a n t of drought than is soybean. Groundnut thus has promise in
t h i s area f o r p l a n t i n g i n r i c e f i e l d s normal ly l e f t f a l l o w i n the
dry season.
Mung Bean
Product ion of t h i s crop rose from 100,000 tonnes in 1978 to 149,000
tonnes in 1983, an increase of 49%. Since 1969, p roduc t ion has
quadrup led. An increase in the harvested area has accounted f o r
most of t h i s r i s e : the area is now 41% greater than in 1978, and
is t r e b l e t h a t of 1969. Y ie lds are around 550 kg /ha , having r i sen
from 470 kg/ha in 1969.
The newly re leased c u l t i v a r s Nur i and Manyar are r e s i s t a n t to
r u s t and l e a f spo t , and mature e a r l y and r e l a t i v e l y u n i f o r m l y , so
t h a t on ly two harves t ings are r e q u i r e d . Other v a r i e t i e s a v a i l a b l e
are S i w a l i k , B h a k t i , no.129, and Merak.
Pigeonpea
Pigeonpea is grown mainly in house gardens, and p roduc t ion data are
not a v a i l a b l e . In East Nusa Tenggara i t is commonly in te rc ropped
w i t h maize, but w i t h very low y i e l d s (175 k g / h a ) . Because the crop
t o l e r a t e s drought w e l l , pigeonpea shows promise in the d r i e r areas
of eastern Indones ia , where it may produce 3000-4000 kg /ha . CRIFC
researchers have tes ted pigeonpea in food-crop r o t a t i o n s on
red -ye l l ow podsols in Southeast Su lawes i . I n t e r c r o p p i n g pigeonpea
w i t h co t ton in the dry season (May to August/September) is a lso
being i n v e s t i g a t e d . For t h i s purpose, nonpho toper iod -sens i t i ve
c u l t i v a r s r e s i s t a n t t o pests ( e s p e c i a l l y H e l i o t h i s ) are r e q u i r e d .
Pigeonpea has p o t e n t i a l as a s u b s t i t u t e f o r soybean in making
tempeh and tahu ( fermented cakes) , and young pods can be marketed
as a vege tab le .
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Chickpea
No data on chickpea area or p roduc t ion in Indonesia are a v a i l a b l e .
Chickpea may have value as ground cover in i n t e r c r o p p i n g systems,
and f o r consumption as a vegetab le .
Problems and Research Responses
Seed supply. Good-qua l i ty seed of the three major g ra in legumes is
not r e a d i l y a v a i l a b l e to fa rmers . The v i a b i l i t y o f the seeds,
e s p e c i a l l y o f soybean, decreases r a p i d l y , e s p e c i a l l y under farmers'
storage c o n d i t i o n s . The adopt ion of the farmers 1 seed network
scheme " j a b a l " , however, should improve seed v i a b i l i t y . CRIFC w i l l
a s s i s t in the estab l ishment of t h i s system, and cont inue to supply
breeder seed as "nuc leus" f o r m u l t i p l i c a t i o n on seed farms.
Research on seed technology and storage w i l l a lso be i n t e n s i f i e d .
Pest and disease c o n t r o l . Research is focused on the use of
p e s t i c i d e s and f u n g i c i d e s , and on i n t e g r a t e d c o n t r o l w i t h c u l t u r a l
p r a c t i c e s . Major a t t e n t i o n is a lso given to the produc t ion o f
v i r u s - f r e e seed. Screening f o r pes t /d isease res is tance is an
i n t e g r a l pa r t of CRIFC's breeding program, and w i l l be i n t e n s i f i e d
in the f u t u r e .
Cul t ivars . E x i s t i n g l o c a l c u l t i v a r s have low p o t e n t i a l y i e l d s ,
wh i le few improved c u l t i v a r s are a v a i l a b l e t h a t are adapted to
farmers' cropping p a t t e r n s , l o c a l s o i l and c l i m a t i c c o n d i t i o n s , and
consumer p re fe rences . Soybean e s p e c i a l l y appears to show reg iona l
and seasonal s p e c i f i c i t y . Most cropping pa t te rns w i t h soybean
requ i re ra the r ea r l y -ma tu r i ng c u l t i v a r s (70-75 days) . CRIFC's
breeding program aims to solve these problems; in a d d i t i o n , some
l o c a l v a r i e t i e s may be o f f i c i a l l y recogn ized .
Extens i f ica t ion . The expansion of the harvested area envisaged in
the f o u r t h P e l i t a per iod necess i ta tes research on aluminium
t o x i c i t y , s o i l a c i d i t y , s o i l f e r t i l i t y , and rh izobium i n o c u l a t i o n .
S o i l ame l i o ra t i on and the breeding of t o l e r a n t c u l t i v a r s are two
poss ib le s o l u t i o n s to these problems.
I n t e n s i f i c a t i o n . E x i s t i n g recommended technology packages,
c o n s i s t i n g of improved c u l t i v a r s , good-qua l i t y seed, and improved
c u l t u r a l p r a c t i c e s , need to be f u r t h e r improved. These packages
need to be tes ted in r eg iona l t r i a l s in coopera t ion w i t h the
extens ion a u t h o r i t i e s , and extended to the fa rmers . In p a r t i c u l a r ,
cropping systems t h a t inc lude a legume crop must be eva lua ted , and
r e f i n e d i f necessary.
Extension and marketing. The t r a i n i n g of ex tens ion workers needs
to be i n t e n s i f i e d , and the q u a l i t y and q u a n t i t y of ex tens ion
m a t e r i a l r equ i re improvement. More d i r e c t government i n t e r v e n t i o n
in market ing may be necessary, through the man ipu la t ion of f l o o r
p r i ces and the buying of produce by r u r a l coope ra t i ves . CRIFC is
con t i nu i ng i t s socioeconomic research on t h i s s u b j e c t .
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Groundnut Production and Research in Malaysia
Noor Rawi Abu Bakar, Mohd. Azmi Ibrahim, and Ramli Mohd. Noor
Malaysian Agricultural Research and Development Institute,
MARDI Research Station, P.O. Box 3, Kuala Trengganu,
and MARDI Research Station, Serdang, Malaysia
Introduction
Groundnut is the most ex tens i ve l y grown g ra in legume in Malays ia .
I t is an impor tan t cash crop and is so le-cropped on r i v e r banks and
in r a i n f e d r i c e areas, o r i s i n te rc ropped w i t h t r ee c rops . The
growing area in 1982 t o t a l l e d 6149 ha.
Trade and Production
Most Malaysian groundnuts are marketed as f r esh unshel led pods.
More than 80% of t h i s product is processed f o r sale as roasted
n u t s , and the r e s t are consumed as b o i l e d nu t s . It has been
est imated t h a t in 1985 the domestic demand w i l l be 16,517 tonnes,
and t h a t meeting t h i s requirement is achievable by i nc reas ing the
present hectarage by another 22% (1359 h a ) , assuming an average
f resh pod y i e l d of 2200 kg /ha . Groundnut is p lanted under r a i n f e d
c o n d i t i o n s and is usua l l y r o t a ted or i n te rc ropped w i t h o ther c rops .
There are four major areas:
a. r i v e r banks, where the nuts are usua l l y of poor q u a l i t y and are
grown to prov ide p l a n t i n g m a t e r i a l f o r the subsequent c rop ;
b. the so le-cropped r a i n f e d r i c e area, where groundnut is grown
a f t e r r i c e du r ing the o f f -season ( the re being i n s u f f i c i e n t water
f o r c u l t i v a t i n g a second crop of r i c e ) — a n area of good
p o t e n t i a l f o r groundnut p r o d u c t i o n ;
c. the rubber and o i l p a l m area, where groundnut is in te rc ropped
w i t h o i l p a l m or is grown on land r e c e n t l y c leared of rubber
t r e e s ;
d . the B r i s s o i l a rea , where groundnut p roduc t ion is a t present
i n s i g n i f i c a n t but where the crop can be r o t a t e d w i t h tobacco.
The Malaysian A g r i c u l t u r a l Research and Development I n s t i t u t e
(MARDI) c u r r e n t l y recommends th ree c u l t i v a r s f o r use throughout the
coun t r y : V-13, Matjam, and 47-5. However, where there are
inadequate s u p p l i e s , farmers p l an t such c u l t i v a r s as Sungai S ipu t
or Mengelembu, or o thers from Indonesia and Tha i l and .
Farmers u s u a l l y prepare the land w i t h one round of p lowing and
one or two rounds of r o t o v a t i o n . Row p l a n t i n g at 50 x 10 cm
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spac ing , and f e r t i l i z e r a p p l i c a t i o n at the ra te of 34 kg N,
56 kg P2O5, and 56 kg K20 per hec ta re , w i t h 1000-2000 kg/ha of
d o l o m i t i c l imes tone , are recommended f o r most s o i l s . The use of a 
pre-emergence sprayed he rb i c i de ( a l a c h l o r ) , f o l l owed by manual
weeding, is recommended f o r e f f e c t i v e weed c o n t r o l . Farmers seldom
use chemical c o n t r o l s f o r pests and diseases because the problems
they cause are not usua l l y s e r i o u s .
Research Activities and Achievements
P r i o r i t y is a t present being given to the development o f groundnut
as a complementary or supplementary crop in areas a, b, and d (as
above), though p rev ious l y research was mainly centered on upland
envi ronments.
Current research comprises fundamental , a p p l i e d , and
pro jec t -deve lopment s t u d i e s , and inc ludes the v e r i f i c a t i o n of new
techno log ies on farmers' f i e l d s . Recent h i g h l i g h t s are as f o l l o w s .
Breeding and v a r i e t a l e v a l u a t i o n . Emphasis is being given to the
h y b r i d i z a t i o n program in which breeding aims to improve y i e l d and
q u a l i t y . Nine l i n e s have been se lec ted as having p o t e n t i a l f o r
h igh y i e l d .
Development of c u l t u r a l and management p r a c t i c e s . In
e a s t - r i v e r - b a n k areas, s tud ies showed t h a t 200,000-300,000
p l a n t s / h a , p lan ted in 50-cm row spacing and harvested at 100-105
days a f t e r p l a n t i n g , produced optimum y i e l d . S p a t i a l crop
arrangement, however, was found not to be c r i t i c a l . Row spacing at
50 cm is recommended f o r good crop management.
N u t r i e n t requirement s t u d i e s . The n u t r i e n t requirements f o r
groundnut have been found to vary from place to p lace , depending on
s o i l types and mois ture regimes. Experiments are being c a r r i e d out
to exp la in and understand the mechanisms of crop response to the
n u t r i e n t uptake, and NPK f e r t i l i z e r t r i a l s are being i n i t i a t e d in
the r a i n f e d r i c e and B r i s s o i l a reas. Nodula t ion s tud ies are a lso
in p rogress .
Insec t pest s t u d i e s . I nsec t pest a t t ack in the east coast o f
Peninsular Malaysia va r i es from season to season. For example, in
the Kelantan r i ve r -banks area the major i nsec t pests in the
f i r s t - c r o p season are l e a f feeders (Spodoptera l i t u r a and H e l i o t h i s
a rm ige ra ) . These pests do not d im in i sh y i e l d s ; but in the second
season l e a f miner (Aproaerema mod ice l l a ) , aphids (Aphis
c r a c c i v o r a ) , and t h r i p s ( F r a n k l i n i e l l a s c h u l t z e i ) have been
observed to a f f e c t y i e l d s adverse ly .
Disease s t u d i e s . W i l t , caused by Pseudomonas solanacearum and
A s p e r g i l l u s n i g e r , are the most impor tan t d iseases . A screening
technique f o r these pathogens is being developed. Cercospora l e a f
spot and r u s t o f t en occur l a t e in the growing season, and
s i g n i f i c a n t l y a f f e c t y i e l d s . Groundnut mosaic v i r u s i s a lso
common, but is not s e r i o u s .
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Weed control studies. Common weeds have been i d e n t i f i e d , and
s tud ies have shown t h a t compet i t i on from weeds can r e s u l t in up to
80$ y i e l d l o s s . Chemical weed c o n t r o l w i t h a l a c h l o r p lus manual
weeding, or two rounds of manual weeding, are recommended.
Crop physiology studies. Glasshouse and f i e l d research on water
s t ress has been i n i t i a t e d . Resul ts from f i e l d s tud ies showed t h a t
y i e l d could be reduced by 40-50% i f mois ture s t ress occurred du r ing
the f l o w e r i n g p e r i o d . Studies on wate r logg ing at d i f f e r e n t growth
stages are a lso under way.
Cropping system studies. In r o t a t i o n a l p l a n t i n g in the r i v e r - b a n k
areas there is not much y i e l d v a r i a t i o n between the groundnut p l o t s
p rev ious l y growing other f i e l d crops or r i c e . W i l t i n g was observed
to be a problem in p l o t s consecu t i ve l y cropped w i t h groundnut .
Other parameters being s tud ied i nc lude the e f f e c t s o f r e s i d u a l
f e r t i l i z e r and the bu i l d -up of pests and diseases in r o t a t i o n a l
c ropp ing .
Production Constraints
Most farmers s t i l l grow unimproved imported c u l t i v a r s . The
c u l t i v a t i o n methods they use are u n s a t i s f a c t o r y : low p l a n t i n g
d e n s i t y , very low or no f e r t i l i z e r and l ime a p p l i c a t i o n s , and
inadequate weeding and pest and disease c o n t r o l .
Weeds are ser ious y i e l d - r e d u c e r s . Some p l o t s are not
harvested at a l l because of overabundant weeds. Most farmers do
not ca r ry out s u f f i c i e n t manual weeding because of labor shortages
and assoc ia ted h igh wage c o s t s .
Labor shortages are i nc reas ing in the groundnut-growing areas.
At present the on ly opera t ions t h a t are being mechanized are land
p repa ra t i on and, to a l i m i t e d e x t e n t , p l a n t i n g . Other opera t ions
t h a t need to be mechanized are ha rves t i ng and t h r e s h i n g .
Malaysian s o i l s are b a s i c a l l y o f low f e r t i l i t y . I n the r i v e r
banks f e r t i l i t y is d e c l i n i n g because f l o o d i n g has been less
f requent in recent yea rs . In the paddy f i e l d s s o i l s are exhausted
a f t e r the r i c e h a r v e s t . S i m i l a r l y , the i n h e r e n t l y poor B r i s s o i l s
cannot sus ta in proper crop growth i f farmers do not apply enough
f e r t i l i z e r .
E r r a t i c weather c o n d i t i o n s , i n c l u d i n g f requent droughts and
f l a s h - f l o o d s , a lso reduce y i e l d s because the crop is e n t i r e l y
dependent on r a i n f a l l .
Expansion of groundnut p roduc t ion beyond the present hectarage
depends very much on i nc reas ing the export market . Market analyses
i n d i c a t e t h a t increased p roduc t ion i s poss ib le i f impor ts are
r e s t r i c t e d and h igher p r i ces are o f f e red f o r l o ca l l y - p roduced
groundnut.
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Future Research
The research a c t i v i t i e s a l ready descr ibed w i l l con t i nue , w i t h
emphasis on the breeding program f o r crop improvement. One
research area r e q u i r i n g a t t e n t i o n i s the reduc t ion o f labor cos ts
through mechanizat ion . Another is the i n v e s t i g a t i o n of ways to
minimize mois ture s t ress or f l o o d i n g . Related water management
s tud ies ( i r r i g a t i o n and drainage) w i l l be c a r r i e d out in the
r a i n f e d r i c e and B r i s s o i l areas. A l so , because the main market is
f o r roasted groundnuts, which have l i m i t e d f o r e i g n o u t l e t s , there
is a need to look f o r new ways of u t i l i z i n g the n u t s .
Legume Crops in Nepal
Rajman P. Chaudhary and Achyut N. Bhattarai
Agronomy Division, Khumaltar, Kathmandu, Nepal
Introduction
Legume crops in Nepal i nc lude soybean, mung bean, pigeonpea,
cowpea, b lack gram, l a t h y r u s , ch ickpea, l e n t i l , and o t h e r s . They
play an impor tant r o l e in the cropping systems of Nepal and in
human n u t r i t i o n . Product ion data f o r a l l food legumes are
a v a i l a b l e f o r 1976-77. These data (which have not changed much
since 1977) a r e : p roduc t ion area—328,580 ha; average y ie lds—346
kg /ha ; t o t a l annual p roduc t ion —11,410 tonnes.
There is no systemat ic market ing of legume crops in Nepal .
Legume products are sold d i r e c t l y to the l o c a l r e t a i l merchants,
but i t is known t h a t s ince 1975 export to coun t r i es other than
Ind ia has inc reased , e s p e c i a l l y to the Arab Republ ic of Egypt, UK,
USA, and Singapore.
The r e c e n t l y es tab l i shed Nepal Vegetable Ghee Indus t r y w i l l in
the f u t u r e use groundnut to produce 600-800 tonnes /y r of vegetable
f a t as a s u b s t i t u t e f o r b u t t e r and ghee. The f a c t o r y uses soybean
o i l imported from Ind ia b u t , due to i t s h igh p r i ce and the low
recovery of soybean f a t , there is c u r r e n t l y a need of about 20,000
tonnes /y r of raw groundnut . Some 16,000 - 18,000 ha of land w i l l
be requ i red to meet t h i s l e v e l of p r o d u c t i o n .
Production Practices
Pigeonpea is c u l t i v a t e d e i t h e r as a sole crop on upland areas or in
r i c e bunds. I t i s l a t e - m a t u r i n g and i s not s u i t a b l e f o r c ropp ing .
The crop is usua l l y p lan ted in June-Ju ly .
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Chickpea i s grown e i t h e r in re l ay p l a n t i n g ( w i t h no t i l l a g e
opera t i on ) in s tand ing r i c e paddy, or by normal p l a n t i n g methods
i n v o l v i n g land p repa ra t i on . In the l a t t e r , chickpea may f o l l o w
ea r l y r i c e or maize, or i t may be in te rc ropped w i t h o a t , mustard,
l i n s e e d , or l a t h y r u s . The most appropr ia te t ime f o r p l a n t i n g
chickpea is 15 October to 15 November.
Both crops are suscep t i b le to fusar ium w i l t and a t t ack by
H e l i o t h i s armigera . A d d i t i o n a l l y , chickpea i s suscep t i b le t o
r h i z o c t o n i a d isease, and to a t t ack by Lampides b o e t i c u s , A g r o t i s
sp , P lus ia o r i c h a l c e a , and Cal losobruchus sp.
Farmers do not gene ra l l y use f e r t i l i z e r s , p e s t i c i d e s , or
r h i z o b i a l i n o c u l a t i o n . Both crops are grown in upland areas, and
are r a r e l y i r r i g a t e d .
In the absence of an es tab l i shed market , groundnut c u l t i v a t i o n
was of l i m i t e d ex ten t u n t i l a few years ago. I t has grown in
importance as a so le crop a f t e r wheat, l e n t i l , t o r i a , b a r l e y ,
p o t a t o , and sweet p o t a t o , or as an i n t e r c r o p w i t h maize. Groundnut
is genera l l y p lan ted between 21 May and 15 J u l y . F e r t i l i z e r
a p p l i c a t i o n in farmers' f i e l d s is not common, and the crop is
r a r e l y i r r i g a t e d . However, i t i s recommended t h a t f e r t i l i z e r
should be app l ied at the ra te of 40:60:20 kg/ha of NPK.
A d d i t i o n a l l y , i f a v a i l a b l e , r h i z o b i a l i n o c u l a t i o n can be used a t
the ra te of 800 g /ha . The p e s t i c i d e methyl para th ion is
recommended f o r use when needed.
The diseases of groundnut in Nepal inc lude Cercospora
a r a c h i d i c o l a . C. personata , Rhizocton ia sp, Sc le ro t ium sp, and
Ca lonec t r i a sp. The most ser ious pests a re : Phyllophaga sp,
S p i l a r c t i a cas igna ta , and Spodoptera l i t u r a .
Research Activities and Needs
C u l t i v a r s . The f o l l o w i n g c u l t i v a r s have been i d e n t i f i e d and
re leased : Hardee and H i l l (soybean); Pusa Ba isakh i (mung bean);
T9 (b lack gram); T36, P43, and Sindoor ( l e n t i l ) ; T r i s h u l and
Dhanush ( ch i ckpea ) ; and B4 (g roundnu t ) .
There remains a need, however, to develop b e t t e r c u l t i v a r s
w i t h d e s i r a b l e charac te rs and res i s tance to major diseases and
p e s t s . E f f o r t s are being made to increase germplasm c o l l e c t i o n and
maintenance, i n i t i a l eva lua t i on t r i a l s , s e l e c t i o n s from
i n t e r n a t i o n a l n u r s e r i e s , coord ina ted v a r i e t a l t r i a l s , farmers'
f i e l d t r i a l s , and m i n i k i t programs.
Agronomy. Data on t h i s sub jec t are inadequate, even though i n i t i a l
recommendations on seed r a t e s , p l an t popu la t ions and spac ings,
f e r t i l i z e r a p p l i c a t i o n s , e t c . , have been drawn up. There is a 
prime need to conduct f i e l d s tud ies s y s t e m a t i c a l l y in severa l
l o c a t i o n s .
Diseases and pes t s . In a d d i t i o n to the r o u t i n e screening o f l i n e s ,
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breeding m a t e r i a l s , and c u l t i v a r s aga ins t major diseases and pes ts ,
e f f o r t s are a lso being made to conduct bas ic research on the
management of diseases and pes ts , compr is ing c u l t u r a l and chemical
measures f o r t h e i r c o n t r o l .
Metacid has been found e f f e c t i v e in c o n t r o l l i n g major pests of
groundnut, ch ickpea, and pigeonpea. Research on s u i t a b l e
fung i c i des f o r use w i t h chickpea and pigeonpea has not been c a r r i e d
o u t . For groundnut, however, B l i t o x 50 (copper oxych lo r i de ) at 2 
g / l i t e r , Dithane M-45 (maneb) at 2 g / l i t e r , and B a v i s t i n
(methyl-Z-benzimidazolecarbamate) at 1 g / l i t e r have been found
e f f e c t i v e i n c o n t r o l l i n g Cercospora a r a c h i d i c o l a .
Extension and Training
Outreach, c ropp ing systems, and seed produc t ion programs. Var ious
c e n t r a l and reg iona l outreach and cropping systems programs have
been set up to inc lude farmers' f i e l d t r i a l s , m i n i k i t programs, and
i n t e r c r o p p i n g extens ion work. At present there is no separate farm
in Nepal f o r the producton of breeder and foundat ion seeds f o r
g ra in legumes. But seed m u l t i p l i c a t i o n programs have been
i n i t i a t e d at var ious government farms and s t a t i o n s in the coun t r y .
T r a i n i n g . Most a g r i c u l t u a l R&D s t a f f are sent f o r f u r t h e r t r a i n i n g
to other c o u n t r i e s . These t r a i n i n g programs range from observa t ion
s tud ies to h igher educat ion and degrees. Most t r a i nees go to
I n d i a , and the p r i n c i p a l donors f o r t r a i n i n g programs are UNDP,
FAO, USAID, and the Colombo P lan . As a r e s u l t of recent
improvements in h igher educat ion in Nepal , degrees in a g r i c u l t u r e
are now ob ta inab le w i t h i n the coun t r y . But there remains a need to
expand the type of postgraduate t r a i n i n g a v a i l a b l e at ICRISAT.
Potential Collaborative Work
Nepalese s c i e n t i s t s have co l l abo ra ted w i t h ICRISAT s t a f f in
c o l l e c t i n g the germplasm of legume crops in Nepal . There is a need
to extend t h i s i n i t i a l work to cover the whole of the coun t r y , on a 
s i m i l a r c o l l a b o r a t i v e b a s i s . Exchange v i s i t s by t h e i r
s c i e n t i s t s — p a r t i c u l a r l y w i t h those who can a s s i s t in crop research
program p lann ing—are welcome.
Conclusion
Future prospects f o r groundnut , ch ickpea, and pigeonpea produc t ion
are good in Nepal . I f they are r e a l i z e d and p roduc t ion increases
s i g n i f i c a n t l y , impor ts can be reduced, expor ts i nc reased , and more
n u t r i t i o u s food can be made a v a i l a b l e to the people of the coun t r y .
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Improvement and Production
of Grain Legumes in Pakistan
Bashlr Ahmed Malik
Pakistan Agricultural Research Council, National Park Road,
P.O. National Institute of Health Labs, Islamabad, Pakistan
Introduction
Chickpea is grown as a postmonsoon "w in te r " crop in Pak i s tan . By
land area p lan ted to ch ickpea, the country ranks second in the
w o r l d . Bu t , u n t i l r e c e n t l y , inadequate a t t e n t i o n has been paid to
i nc reas ing i t s p r o d u c t i o n , which i s e i t h e r stagnant o r d e c l i n i n g .
Production and Yield Data
In 1983 the c u l t i v a t e d area of g r a i n legumes was 1.456 m i l l i o n ha.
This was 9.8% of the area covered by c e r e a l s , cash c rops , and
o i l seeds du r ing the same year . Chickpea is c u l t i v a t e d on 70% of
t h i s area under g r a i n legumes and, of the remaining 30%, 28% is
covered by l e n t i l , mung bean, b lack gram (Vigna mungo), and
l a t h y r u s . A few other legumes are grown on the remaining 2%.
These are pigeonpea, moth (Phaseolus a c o n t i f o l i u s ) , and cowpea.
The t o t a l p roduc t ion of g r a i n legumes in 1983 was 712,000
tonnes, out of which chickpea alone con t r i bu ted about 70%. These
f i g u r e s are expected to increase to 795,000 tonnes and 73% by 1988.
The n a t i o n a l average y i e l d s of g r a i n legumes are very low, and
d e c l i n i n g in some cases. For ch ickpea, the f i g u r e of 425 kg/ha
obta ined in 1983 has been p ro j ec ted to increase to 523 kg/ha by
1988. Y ie lds o f o ther g r a i n legumes is s i m i l a r l y expected to r i s e
from 381 kg/ha to 504 kg /ha .
Chickpea Production Zones and Practices
Pakis tan can be d i v i ded i n t o th ree ag roeco log i ca l zones where
chickpea is grown: the Nor the rn , C e n t r a l , and Southern Regions.
D i f fe rences i n s o i l f e r t i l i t y , c l i m a t e , and socioeconomic
c o n d i t i o n s have led to the development o f the f o l l o w i n g p a t t e r n of
crop r o t a t i o n .
Rice—Chickpea (on r e s i d u a l m o i s t u r e ) — R i c e .
C h i c k p e a / l e n t i l — M i l l e t s and mung bean/Maize—Wheat.
Wheat/mustard - -B lack g ram/so rghum—Chickpea / len t i l .
Mung bean/black gram—Chickpea—Maize/sorghum.
Groundnut—Wheat—Mung bean/black gram.
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Soybean—Wheat—Mung bean/black gram,
Chickpea—Fallow—Chickpea (Thal Dese r t ) .
Wheat—Fallow—Cotton—Wheat.
Chickpea is p lanted in seedbeds t h a t are f ree of l a rge c lods
and t r a s h . Some 80-90% of the farmers prov ide t h e i r own seed. The
seed r a t e ranges between 80 and 100 kg /ha , and sowing occurs
between mid-September and November. Two new c u l t i v a r s , CM-72 and
C-44, were re leased in 1982. Others commonly used are C-727,
C-612, C-12/34, L o c a l , Sanyasi , and S indh i Whi te . T i l l a g e
opera t ions are most ly performed w i t h bu l lock-drawn implements.
Most farmers do not use chemical f e r t i l i z e r s in growing g r a i n
legumes. However, phosphat ic f e r t i l i z e r is recommended, at a r a te
o f 50 kg /ha . I t i s usua l l y broadcast .
Harvest ing i s done manual ly . Plants are l e f t i n the f i e l d i n
smal l p i l e s to d r y , and are l a t e r gathered i n t o la rge heaps in the
th resh ing yards . The t h r e s h i n g , w i t h bu l l ocks and subsequent
manual winnowing, is l a b o r - i n t e n s i v e and produces u n s a t i s f a c t o r i l y
cleaned seeds.
Constraints to Chickpea Production
Soi l and c l imat ic condit ions. The crop is grown on marg ina l sandy
land poor in f e r t i l i t y , almost e x c l u s i v e l y under r a i n f e d cond i t i ons
in areas o f low r a i n f a l l . The p o t e n t i a l f o r h igher y i e l d s i s
t he re fo re governed by t h i s harsh envi ronment.
Pests, diseases, and weeds. Almost a l l the chickpea c u l t i v a r s
grown are suscep t i b le to pests and d iseases. The most impor tant
disease is b l i g h t (Ascochyta r a b i e i ) . The most damaging pests are
pod borer ( H e l i o t h i s a rm ige ra ) , cutworm ( A g r o t i s spp) , and seed
weev i l s (Bruchus spp) .
Weeds a lso reduce y i e l d s but the h igh cost of hand-weeding
deters farmers from c a r r y i n g out t h i s t a s k .
Other c o n s t r a i n t s . These inc lude an inadequate supply of q u a l i t y
seed, i n a b i l i t y to p lan t at the optimum t ime due to unce r ta in
r a i n s , and such economic f a c t o r s as low r e t u r n per u n i t a rea , lack
of o ther i n c e n t i v e s , and the low purchasing power of most chickpea
fa rmers .
Research Infrastructure for Chickpea and Pigeonpea
Sustained research on the improvement and p roduc t ion of chickpea
and other legumes d id not begin u n t i l 1978-79, when a research u n i t
was set up to work in S ind , NWF, and Ba luch is tan Prov inces. In
1980 the Pakistan A g r i c u l t u r a l Research Counci l es tab l i shed a 
Na t iona l Cooperat ive Research Program. Th is Program faced a major
c r i s i s due to b l i g h t damage of the chickpea crop in 3 consecut ive
years . Growers su f fe red heavy losses (o f the order of
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US$ 90 m i l l i o n ) . In order to avoid the recurrence of such a 
s i t u a t i o n in the f u t u r e , and to achieve the p roduc t ion t a r g e t s set
f o r g r a i n legumes in the S i x t h 5-Year P lan , research work has been
expanded in each p rov ince , i n c l u d i n g the rec ru i tmen t of more
s c i e n t i s t s and the procurement of o ther i n p u t s . Research
p r i o r i t i e s dur ing the Plan per iod are g iven in Table 1 .
Table 1. Research
P r i o r i t i e s
L o c a l c o l l e c t i o n
I n t r o d u c t o n
S e l e c t i o n
B r e e d i n g
Water management
( i n c . i r r i g a t i o n
m o i s t u r e conserv
F e r t i l i z e r s t u d i e s
P a t h o l o g y
Entomology
Cropp ing systems
On- fa rm t r i a l s
* * * = F i r s t p r i o r i
prior
and
a t i o n
t y .
i t i
)
* *
es for chic
Chickpea
* * *
***
* * *
* * *
***
***
* * *
* * *
* *
* * *
= I m p o r t a n t
kpea
t o
and
d o .
pigeonpea, 1983-88.
* s 
Pigeonpea
* * *
* * *
* * *
-
*
-
***
***
***
**
Shou ld be done .
Agricultural Extension infrastructure
The extens ion se rv i ce r e l a t i n g to chickpea and other major g ra i n
legumes is main ly the concern of p r o v i n c i a l departments of
a g r i c u l t u r e (ex tens ion w ings ) . Extension work i s c u r r e n t l y being
i n t e n s i f i e d in every p rov ince , and ch ickpea, groundnuts, mung bean,
l e n t i l , and soybean are the p r i n c i p a l crops inc luded in promotion
programs.
The o rgan i za t i on of such work s t a r t s at p r o v i n c i a l l e v e l — t h e
A g r i c u l t u r a l Extension Department—and goes down to Union Counci l
l e v e l . Extension s t a f f concerned w i t h legumes endeavor to augment
the produc t ion of these c rops , wh i l e a lso promoting the p roduc t ion
of cerea ls and o i l seed c rops .
In a few se lec ted d i s t r i c t s the T&V ( t r a i n i n g and v i s i t )
system of ex tens ion has been i n t r o d u c e d . Sub jec t -mat te r
s p e c i a l i s t s have been appo in ted , and the se rv i ces of a g r i c u l t u r a l
o f f i c e r s and f i e l d a s s i s t a n t s are u t i l i z e d i n the t ime-bound
management system t h a t has been created f o r t h i s i n t e n s i v e
extens ion work.
Training and other Support Requirements
A Nat iona l Cooperat ive Research Program was launched in 1980,
funded by IDRC, under which s i x researchers were t r a i n e d at ICRISAT
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and ICARDA, and two p a t h o l o g i s t s p a r t i c i p a t e d in an i n t e n s i v e
3-weeks' course on chickpea pa tho logy , sponsored by ICRISAT.
There is a great need f o r t r a i n i n g f u r t h e r chickpea and
pigeonpea researchers du r ing the S i x t h 5-Year Plan (1983-88) to
s t rengthen the c o u n t r y ' s research work on g ra i n legumes. I t i s
est imated t h a t at l e a s t four persons need to be t r a i n e d yea r l y in
6-month t r a i n i n g courses, and s i x need to be re leased f o r degree
courses.
Associated support i s sought a d d i t i o n a l l y f o r :
a. chickpea and pigeonpea germplasm and breeding m a t e r i a l s ;
b. the exchange of s c i e n t i s t s , and v i s i t s by sub jec t -ma t te r
s p e c i a l i s t s ;
c. guidance in the development of research programs;
d . the supply o f r e l evan t l i t e r a t u r e ; and
e. funds f o r equipment, t r a i n i n g , and research s t a f f .
Footnote on the Prospects of Pigeonpea in Pakistan
Al though pigeonpea is c u r r e n t l y grown in th ree prov inces o f
Pakis tan c h i e f l y as a border crop around sugarcane and co t ton
f i e l d s , the prospects o f t h i s crop are b r i g h t , f o r the f o l l o w i n g
reasons.
a. Growers are acquainted w i t h the c rop ' s p r o d u c t i o n .
b. Pigeonpeas are a l ready known and accepted in the c o u n t r y ' s
markets . Many domestic consumers in Sind and NWFP use s p l i t
pigeonpeas as d h a l .
c. Current market ing ra tes at Rs.100-150 (US$ 10-15) per 40 kg are
q u i t e common.
d. Pigeonpea is w e l l adapted to r a i n f e d farming areas because of
i t s t o l e rance o f d rought .
e . Pigeonpea f i t s w e l l i n t o severa l crop combinat ions.
f . New p o t e n t i a l p roduc t ion areas are a v a i l a b l e .
For wider adop t i on , there is a need to rep lace the present
l a t e - m a t u r i n g landraces w i t h e a r l y - m a t u r i n g , h i g h - y i e l d i n g , and
be t te r -adap ted genotypes.
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Groundnut Production in Pakistan
A. Rahman Khan
BARD Project, Pakistan Agricultural Research Council,
P.O. Box 1031, Islamabad, Pakistan
Introduction
Groundnut in Pakistan was f i r s t grown in Rawalpindi d i v i s i o n in
1949, and is now grown in Punjab (92%), NWFP (7%), and pa r t s of
Sind (1%). A l l nuts produced are marketed as roasted n u t s , and
none i s a v a i l a b l e f o r o i l e x t r a c t i o n . Product ion data are
presented in Table 1 .
Table 1 .
Year
1973-74
1974-75
1975-76
1976-77
1977-78
1978-79
1979-80
1980-81
1981-82
1982-83
Area and production of
Area ( '000
38.0
40.5
43.6
45.1
50.7
36.5
40.8
46.5
59.7
69.3
ha) Prod
groundnut in
l uc t ion ( '000
54.1
57.1
61.6
64.1
72.4
45.5
50.3
57.4
72.2
84.1
Pakis
t )
tan .
Yie Id (kg/ha)
1420
1411
1411
1421
1428
1245
1233
1220
1203
1214
I t is considered t h a t the c o u n t r y ' s hectarage can be
s u b s t a n t i a l l y i nc reased , making the crop an impor tan t c o n t r i b u t o r
t o t o t a l o i l s e e d p r o d u c t i o n . A l s o , i f s i g n i f i c a n t e f f o r t s are made
to remove the c o n s t r a i n t s in the development o f the c rop , i t i s
be l i eved t h a t the present average y i e l d can be increased to about
1800-2000 kg /ha .
Cultivars
Many c u l t i v a r s have been imported from d i f f e r e n t c o u n t r i e s , and the
f o l l o w i n g have been re leased f o r use by growers.
No.45: a bold-seeded runner . Th is was the f i r s t c u l t i v a r re leased
f o r commercial c u l t i v a t i o n , i n 1954. I t achieves h igh y i e l d s and
has a t t r a c t i v e pods f o r t a b l e use. The s h e l l i n g percentage ranges
between 50 and 60% (which is low because of the l a rge number of
pods i t p roduces) . I t i s not s u i t a b l e f o r o i l e x t r a c t i o n purposes.
No.45 matures in about 6 months and i t s p o t e n t i a l y i e l d is about
2000 k g / h a .
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No.334. This runner type was re leased f o r general c u l t i v a t i o n in
1972. I t i s medium-seeded w i t h w e l l - f i l l e d pods, which makes i t
des i r ab le f o r t ab l e use. Being h igh in s h e l l i n g percentage
(70-80%), and w i t h good kerne l y i e l d , i t soon captured p o p u l a r i t y
from No.45, and is now the wide ly grown c u l t i v a r . I t s o i l content
is as h igh as 50% w i t h a low f ree f a t t y ac id va lue . For t h i s
reason, i t i s favored f o r o i l e x t r a c t i o n purposes. I t matures i n
about 6 months and has a y i e l d p o t e n t i a l of about 2500-3000 kg /ha .
Banki . This semi-bunch type was approved f o r commercial p roduc t ion
in 1973. I t i s medium-seeded and h i g h - y i e l d i n g . I t not only
possesses a l l the good q u a l i t i e s o f No.334, but is a lso less
labo r i ous and cheaper to ha rves t . I t , t o o , has gained ground and
i t s seed is in heavy demand. It matures in about 6 months and has
a y i e l d p o t e n t i a l of about 3000 kg /ha .
Starr and Argentine. These are bunch-type c u l t i v a r s f o r l a t e
p l a n t i n g in Ju ly under r a i n f e d c o n d i t i o n s . They mature in about
95-100 days, w i t h an average y i e l d of 1100 kg /ha .
Production Practices
Rotation. Extensive areas of groundnut are p lanted a f t e r
ha rves t i ng wheat where there is s u f f i c i e n t s o i l mois ture f o r such
r o t a t i o n a l c ropp ing . However, best y i e l d s are obta ined when
groundnut f o l l o w s maize. The crop is a lso grown a f t e r pulses and
m i l l e t s . Spanish types have shown promise in i r r i g a t e d f i e l d s
because o f t h e i r a d a p t a b i l i t y in such i n t e n s i v e wet land cropping
r o t a t i o n s as cot ton-groundnut-maize and groundnut-maize-wheat/
postra iny-Season o i l s e e d s .
The normal r o t a t i o n used in the r a i n f e d farming (ba ran i ) areas
of Punjab, the major groundnut-growing zone, is
groundnut-wheat-groundnut . This is a l o n g , uneconomical r o t a t i o n ,
and i t needs to be rep laced , perhaps, w i t h groundnut fo l l owed by
p u l s e s / m i l l e t s .
Intercropping. Some experiments have been c a r r i e d out in which
groundnut was p lan ted in wheat f i e l d s du r ing March, depending on
the a v a i l a b i l i t y o f mo is tu re . This re lay c ropp ing , however, has
not been adopted on a commercial s ca le .
Sowing. The t ime of p l a n t i n g va r i es f o r d i f f e r e n t areas of the
coun t r y . In r a i n f e d areas p l a n t i n g s t a r t s towards the end of March
and cont inues up to the end of June, depending upon the
a v a i l a b i l i t y o f mo i s tu re . The best per iod is from mid-March to the
end o f A p r i l . Under i r r i g a t e d cond i t i ons p l a n t i n g du r i ng the
second f o r t n i g h t of March is recommended. On smal l farms seeds are
d i b b l e - p l a n t e d , and on l a r g e r farms they are p lanted in fur rows
through " k e r a " , f o l l owed by p l a n k i n g . Recommended spac ings, seed
r a t e s , and t rea tments are g iven in the f u l l paper.
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Other Agronomic Recommendations
A f e r t i l i z e r dose of 3-3.5 bags of DAP is recommended at the t ime
of p l a n t i n g , to prov ide 68-80 kg/ha of P205 and 25-29 kg/ha of N.
I f the s o i l i s sandy and the r a i n f a l l i s p l e n t i f u l 1 bag o f urea
should be app l ied as a second dose.
Hand-hoeing is r e q u i r e d , p a r t i c u l a r l y when the dry per iod
begins in May and when the p lan t s s t a r t to peg and to form needles
( i n J u l y ) , in order to conserve the maximum amount of mo i s tu re .
I r r i g a t e d groundnut has been found to be responsive to
i r r i g a t i o n a t weekly i n t e r v a l s . A l so , the p r o v i s i o n o f adequate
mois ture at bloom and post-bloom per iods is s i g n i f i c a n t l y
b e n e f i c i a l .
Most of the crop is harvested by hand. This work is
expensive, and some pods are l e f t in the ground. For improved
h a r v e s t i n g , a t r ac to r - d rawn d igger has r e c e n t l y been manufactured,
and g ives e x c e l l e n t performance in d igg ing o p e r a t i o n s .
Groundnut produce is cured by sun-dry ing f o r about 10 days, to
ma in ta in the des i red f l a v o r and q u a l i t y . Pod moisture at d i g g i n g ,
which is normal ly about 40-50%, is reduced to 8-10% by t h i s
process. At t h i s low l e v e l the produce can be s tored s a f e l y .
Pests and Diseases
Pests . The f o l l o w i n g insec ts a t tack groundnut in Pak i s tan :
j a s s i d s , aph ids , cutworms, g ra i n c a t e r p i l l a r s , h a i r y c a t e r p i l l a r s ,
armyworms, t h r i p s , t e r m i t e s , and sur face grasshoppers. Measures of
chemical and c u l t u r a l c o n t r o l have been i n v e s t i g a t e d , and
recommendations have been drawn up and i ssued . Y ie lds are a lso
reduced by mammalian pes ts , in p a r t i c u l a r r a t s and w i l d boar. The
former may be c o n t r o l l e d w i t h poisoned b a i t , or by fum iga t i ng or
po ison ing the burrows. Boar c o n t r o l , to be e f f e c t i v e , requ i res the
o r g a n i z a t i o n o f l a r g e - s c a l e campaigns o f e r a d i c a t i o n .
Diseases. Only scanty i n f o r m a t i o n is a v a i l a b l e on diseases
a f f e c t i n g groundnut in Pak i s tan . However, there is general
r e c o g n i t i o n t h a t " t i k k a " (Cercospor id ium personatum) is a p reva len t
groundnut d isease. Fusarium w i l t and roo t r o t diseases have a lso
been repor ted from d i f f e r e n t groundnut-growing areas .
Production Constraints
The major c o n s t r a i n t s in the p roduc t ion of groundnut in Pakis tan
are the f o l l o w i n g .
- Lack o f s h o r t - d u r a t i o n c u l t i v a r s s u i t a b l e f o r i n t e r c r o p p i n g
w i t h wheat.
- N o n a v a i l a b i l i t y o f c e r t i f i e d seed.
- Lack of purchasing power f o r i npu ts among fa rmers .
- High ha rves t i ng costs and l o s s e s .
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- N o n a v a i l a b i l i t y of s u i t a b l e groundnut d i gge rs .
- Severe damage by r a t s and w i l d boars .
- Wide p r i c e f l u c t u a t i o n and an inadequate market ing
s t r u c t u r e .
Research, Training, and Extension
There is an inadequate corps of research s t a f f concerned w i t h
groundnut improvement in Pak is tan . T r a i n i n g i s requ i red f o r
q u a l i f i e d s c i e n t i s t s , w i t h p a r t i c u l a r regard t o the d i s c i p l i n e s o f
agronomy, pa tho logy , and eng ineer ing . L ia i son v i s i t s to Pakis tan
by groundnut agronomists and mechanizat ion engineers are welcomed.
Extension work is the r e s p o n s i b i l i t y o f the P r o v i n c i a l
Extension Departments t ha t are l i n k e d w i t h the P r o v i n c i a l
A g r i c u l t u r a l Research I n s t i t u t e s . S im i l a r arrangements e x i s t f o r
o ther major crops in the coun t ry .
Priorities
Groundnut is one of the impor tant es tab l i shed o i l seed crops in
Pak i s tan . I t s h i g h - y i e l d p o t e n t i a l , as w e l l as the scope t h a t
e x i s t s f o r an increase in i t s c u l t i v a t i o n area, have been
e s t a b l i s h e d . I t i s t h e r e f o r e now considered a p r i o r i t y o i l seed
crop in the coun t r y . P ro jec ts f o r i t s maximizat ion and the
development of ea r l y -ma tu r i ng and h i g h - y i e l d i n g c u l t i v a r s have
r e c e n t l y been approved by the Government, and have a l ready been
i n i t i a t e d . Cons idera t ion i s being given a t f ede ra l l e v e l t o the
i n s t a l l a t i o n of a d e f a t t i n g p l a n t , and a spec ia l seed p roduc t ion
plan has been proposed.
The Philippine Legume Research
and Development Program: Status and Direction
Dely P. Gapasin and Bethilda Umali
Crops Research Department, Philippine Council for Agriculture
and Resources Research and Development (PCARRD),
Los Banos, Laguna, Philippines
Research Thrusts and Priorities
The research t h r u s t s of the n a t i o n a l legume research program were
formula ted to prov ide s o l u t i o n s to var ious c o n s t r a i n t s in the
produc t ion of legumes. Research a c t i v i t i e s have t h e r e f o r e been
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a l l o c a t e d p r i o r i t i e s in accordance w i t h the needs and requirements
o f the i n d u s t r y .
H i g h - p r i o r i t y research p r o j e c t s f o r major legumes concern the
development and screening of c u l t i v a r s t h a t are s tab le and h igh
y i e l d e r s , r e s i s t a n t to i n s e c t pests and d iseases , t o l e r a n t o f
marg ina l and adverse c o n d i t i o n s , s u i t a b l e f o r e x i s t i n g farming
systems, have long seed v i a b i l i t y , and have h igh n u t r i t i v e va lue .
On-farm v e r i f i c a t i o n t r i a l s to improve a v a i l a b l e technology have
become very impor tan t , and work to upgrade v i l l a g e - l e v e l technology
f o r process ing legumes f o r food and feed has been under taken.
For minor (vegetab le) legumes, p r i o r i t y a c t i v i t i e s inc lude
germplasm c o l l e c t i o n and e v a l u a t i o n , on-farm t r i a l s , farming
systems development, and process ing and u t i l i z a t i o n s t u d i e s . To
improve farmers' p r a c t i c e s and prov ide low-cos t techno logy , f u r t h e r
research needs to be conducted on the r a t e , t i m e , and frequency of
i r r i g a t i o n , on f e r t i l i z e r management, i n o c u l a t i o n techn iques , and
pest c o n t r o l s t r a t e g i e s .
The National Legume Research and Development Program
This program is drawn up by PCARRD through i t s Na t iona l Legume
Commodity Research Team, in c o n s u l t a t i o n w i t h the var ious agencies
invo l ved in legumes research in the Na t iona l Research Network.
F i e l d legumes such as soybean, groundnut , and mung bean are
c l a s s i f i e d as f i r s t - p r i o r i t y crops because they are grown
e x t e n s i v e l y and produced in l a rge volume. But vegetable legumes
such as cowpea, beans, peas, pigeonpea, and chickpea are considered
minor c rops .
PCARRD c u r r e n t l y moni tors and coord ina tes the research and
development program f o r legumes in the Na t iona l Research System. A 
t o t a l of 482 p r o j e c t s and s tud ies have been conducted or are
planned dur ing the 4-year per iod 1982-85. There is i nc reas ing
n a t i o n a l support f o r t h i s research and development program, and the
l a r g e s t a l l o c a t i o n i s prov ided f o r v a r i e t a l improvement.
The National Legume Network
The research centers and coopera t ing s t a t i o n s composing t h i s
n a t i o n a l network are loca ted s t r a t e g i c a l l y throughout the coun t r y .
The n a t i o n a l commodity research center f o r legumes is at the
U n i v e r s i t y o f the P h i l i p p i n e s at Los Banos (UPLB). I t is
respons ib le f o r c a r r y i n g out basic and app l ied research to generate
and v e r i f y technology and i n f o rma t i on on groundut , mung bean,
soybean, and o ther legumes. To support i t s a c t i v i t i e s 15 r e g i o n a l
research centers and coopera t ing s t a t i o n s have been i d e n t i f i e d by
PCARRD, based on t h e i r c a p a b i l i t y in terms of s t a f f suppor t ,
i n f r a s t r u c t u r e , equipment, and other resources . They are
respons ib le main ly f o r conduct ing app l ied s tud ies f o r the r e g i o n a l
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v e r i f i c a t i o n o f t echno log ies . They a lso a s s i s t in d issemina t ing
the r e s u l t s o f research to fa rmers .
International Links
C o l l a b o r a t i o n w i t h n a t i o n a l and i n t e r n a t i o n a l research agencies
invo lves the exchange of germplasm, p rov i s i on of funds f o r research
p r o j e c t s , manpower development and t r a i n i n g , equipment suppor t , and
exchange of new techno log ies , research f i n d i n g s , and methodologies.
I n t e r n a t i o n a l agencies of spec ia l relevance in legumes research
working w i t h F i l i p i n o s c i e n t i s t s through PCARRD a r e : the Asian
Vegetable Research and Development Center (AVRDC), I n t e r n a t i o n a l
Counci l f o r the Development of U n d e r u t i l i z e d P lants (ICDUP),
ICRISAT, the I n t e r n a t i o n a l Soybean Program (INTSOY), Ni fTAL, and
the Peanut CRSP.
Research Status
C u l t i v a r s of major and minor legumes. Breeding work at the Bureau
of Plant I ndus t r y (BPI) and at UPLB has led to the re lease of f i v e
soybean, s i x groundnut, and e igh t mung bean c u l t i v a r s f o r
commercial p roduc t ion by the P h i l i p p i n e Seedboard.
Recommended soybeans inc lude CES 434, Clark 63, L-114, T . K . - 5 ,
and UPL-SY-2. Some impor tant c u l t i v a r s f o r groundnut are BPI-P9,
UPL-Pn2, and UPL-Pn4 and, f o r mung bean, MG50-10A, Pag-asa 1,
Pag-asa 2, and Pag-asa 3. Among the vegetable legumes breeding
work f i r s t s t a r t e d on s t r i n g bean and cowpea and, l a t e r , on l ima
bean and pigeonpea. Germplasm ( l o c a l and f o r e i g n ) has been
c o l l e c t e d , screened, and evaluated f o r i t s agronomic
c h a r a c t e r i s t i c s and a d a p t a b i l i t y , and some promis ing accessions
have been used f o r h y b r i d i z a t i o n .
C u l t u r a l management. Recommendations f o r improved c u l t i v a t i o n
methods and packages of technology f o r fa rmers ' use have been
developed. Emphases in crop p r o t e c t i o n s tud ies have been on the
chemical c o n t r o l mainly of soybean r u s t and the cercospora l e a f
spot disease of groundnut. Studies on m u l t i p l e c ropp ing w i t h
legumes showed t h a t they can be recommended f o r p l a n t i n g w i t h
maize, sugarcane, coconut , and other c rops . Only l i m i t e d s tud ies
on the components of p roduc t ion technology f o r vegetable legumes
have been conducted.
Postharvest hand l ing and s to rage . A soybean d r i e r has been
developed at UPLB, and i t s f i e l d - t e s t i n g is near ing comp le t i on .
Only a few s tud ies have been done on the e f f e c t of packing
m a t e r i a l s , t h resh ing p r a c t i c e s , and pests dur ing storage on the
q u a l i t y of and phys ico-chemica l changes in the seeds. Other
research on the hand l ing and storage of legumes has been done, but
p r a c t i c a l recommendations are l i m i t e d .
Process ing, u t i l i z a t i o n , economics, and marke t ing . Problems
assoc ia ted w i t h the processing of soybean are low product
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a c c e p t a b i l i t y , f l a t u l e n c e e f f e c t s , the presence o f a n t i n u t r i t i o n a l
and t o x i c f a c t o r s , and h igh processing c o s t s . Studies on a f l a t o x i n
in groundnut showed t h a t the s i t u a t i o n is aggravated by
i n a p p r o p r i a t e ha rves t i ng and pos tharves t hand l ing p r a c t i c e s .
Research w i t h f i e l d beans showed t h a t the re i s p o t e n t i a l f o r
producing such products as i n f a n t feed supplements, snacks,
d e s s e r t s , and f l o u r . Numerous products and by-products from
vegetab le legumes have a lso been t r i e d . Stud ies on the economics
of p roduc t i on and market channels f o r major legumes have been
c a r r i e d o u t , but there are few produc t ion and market ing data f o r
vegetable legumes.
Research Needs and Future Plans
V a r i e t a l improvement. Primary legume breeding program o b j e c t i v e s
are to develop c u l t i v a r s t h a t are h i g h - y i e l d e r s : a t l e a s t 1500
kg/ha f o r soybean, 1500 kg/ha f o r mung bean, and 2000 kg/ha f o r
groundnut . Other impor tant breeding f ea tu res are h igh
n i t r o g e n - f i x i n g c a p a c i t y , nonphotoperiod s e n s i t i v i t y , and to le rance
to marg ina l and adverse c o n d i t i o n s , w i t h h i g h l y n u t r i t i o u s
q u a l i t i e s and s u i t a b i l i t y f o r p rocess ing . Long-range breeding
o b j e c t i v e s i nc lude pest r e s i s t a n c e , p a r t i c u l a r l y aga ins t r u s t i n
soybean, and cercospora l e a f spot and r u s t of groundnut .
Cul tura l management. Research on water management and the
p h y s i o l o g i c a l f a c t o r s a f f e c t i n g p roduc t ion needs to be i n i t i a t e d .
More research resources w i l l be d i r e c t e d towards the development of
an i n t e g r a t e d c o n t r o l aga ins t pes ts , p a r t i c u l a r l y soybean r u s t , and
cercospora l e a f spot of groundnut. Low- input mung bean
techno log ies w i l l he lp t o improve y i e l d s i n subsis tence fa rm ing .
S i m i l a r l y , f o r vegetable legumes, s tud ies need to be conducted on
the d i s t a n c e , r a t e , t ime , and depth of p l a n t i n g , on water and
f e r t i l i z e r management, rh izobium i n o c u l a t i o n , and pest c o n t r o l .
On-farm t r i a l s . V e r i f i c a t i o n t r i a l s w i l l b e i n t e n s i f i e d and w i l l
i nc lude y i e l d t r i a l s o f promis ing v a r i e t i e s . Newly developed farm
t o o l s , implements, and equipment w i l l a lso be f i e l d - t e s t e d .
Resul ts of s tud ies on cropping systems i n v o l v i n g legumes w i l l
undergo v e r i f i c a t i o n a t d i f f e r e n t l o c a t i o n s t o determine t h e i r
a d a p t a b i l i t y .
Other pre- and postharvest studies. These w i l l i nc lude the
improvement of farm t o o l s and equipment, pos tharves t hand l ing and
s to rage , and research i n t o the p rocess ing , u t i l i z a t i o n , and
market ing of legumes.
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Research on Winged Bean, Pigeonpea,
and Groundnut in the Philippines
Honorato C. Jereza and Jose O. Penuela
Ministry of Agriculture Region no.6 (Western Visayas), Philippines
Introduction
The product ion of f i e l d legumes, such as groundnut, winged bean,
soybean, mungo, and pigeonpea, is being i n t e n s i f i e d through a 
n u t r i t i o n a l food campaign t ha t is aimed at p a r t i a l l y meeting the
c o u n t r y ' s n u t r i t i o n a l requi rements. Part o f t h i s campaign is the
search f o r c u l t i v a r s t ha t are h i g h - y i e l d i n g and responsive to
low- inpu t technology.
This repo r t presents some r e s u l t s of our research on three of
the legumes: groundnut, pigeonpea, and winged bean (Psophocarpus
te t ragono lobus ) .
S ta t i on t r i a l s were conducted at the La Granja Experiment
S t a t i o n , La Car lo ta C i t y , Negros Occidenta l and Visayas Experiment
S t a t i o n , I l o i l o C i t y , Bureau o f Plant I n d u s t r y , M i n i s t r y o f
A g r i c u l t u r e , P h i l i p p i n e s . T r i a l s on winged bean and pigeonpea
c o l l e c t i o n s / a c c e s s i o n s were conducted from 1979 to 1981, wh i le
those f o r groundnut were done dur ing the 1981-82 dry season and
1982 wet season. On-farm t r i a l s on groundnut were a lso conducted
in the 1982 wet season.
Data from the t r i a l s on winged bean and pigeonpea w i l l form
the basis f o r determin ing which accessions w i l l be inc luded in the
reg iona l t r i a l s , which i n t u rn w i l l become the screening t r i a l f o r
se lec t i ons to be tes ted in farmers' f i e l d s . T h i r t y - t w o pigeonpea
se lec t i ons were evaluated at Visayas Experiment S t a t i o n in a t r i a l
p lanted in Ju ly 1983. Twenty-three were from ICRISAT, one was a 
l o c a l c u l t i v a r , and e igh t were from the s t a t i o n i t s e l f . Data from
the groundnut t r i a l s are not considered to be s u f f i c i e n t f o r
drawing up recommendatons at t h i s s tage.
Results
Winged bean. Mean y i e l d s and agronomic c h a r a c t e r i s t i c s of 34
e n t r i e s from f i v e coun t r i es were eva lua ted . Entry P1 7260, from
AVRDC, had the longest pods, and Kade from Ghana the s h o r t e s t . By
y i e l d , measured as the weight of dry beans per p l an t ( the t o t a l
y i e l d of f i v e p r i m i n g s ) , P1 7267, from AVRDC, had 103.5 g and
ou ty ie lded a l l o ther e n t r i e s .
Pigeonpea. A l l the c o l l e c t i o n s evaluated were seasonal and
f lowered in November, 220-240 days a f t e r p l a n t i n g . Ind ices of
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m a t u r i t y were based on the i n i t i a l harvest taken at 317-335 days
a f t e r p l a n t i n g . The average of th ree pr imings i n d i c a t i n g the dry
bean y i e l d showed t h a t , among the 12 c o l l e c t i o n s , Pigeonpea No. 4 
achieved 390 g and ou t y i e l ded the o t h e r s , and t h a t Pigeonpea Nos.
11 and 12 were the lowest y i e l d e r s .
Groundnut. Nine c u l t i v a r s were tes ted in a reg iona l y i e l d t r i a l
conducted dur ing the 1981-82 dry season and the 1982 ra iny season.
The h i g h e s t - y i e l d i n g en t r y was CES 2-25, w i t h a mean y i e l d of 1910
kg /ha . En t r i es UPL Pn4 ( the check) , CES 2-26, and CES 2-33
achieved 1560, 1480, and 1480 kg /ha , r e s p e c t i v e l y . The lowest
y i e l d e r s were CES 1-9 and CES 5-105, at 1020 and 1090 kg /ha .
Resul ts dur ing the 1982 wet season showed no s i g n i f i c a n t d i f f e r e n c e
among e n t r i e s . However, CES 2-33 (2110 kg/ha) ou ty i e l ded the two
check v a r i e t i e s BP1 Pn9 and UPL Pn4 (a t 1990 and 1980 k g / h a ) .
In an on-farm t r i a l w i t h seven es tab l i shed v a r i e t i e s and
s e l e c t i o n s , s e l e c t i o n CES 2-25, g iven the Recommended Input and
Management P rac t i ces (RIMP) t rea tment , achieved a s i g n i f i c a n t l y
h igher y i e l d (1250 kg/ha) than any v a r i e t y or p r a c t i c e except in
comparison w i t h Es tab l i shed Var ie t y Pn9 (a t 1210 kg/ha w i t h RIMP).
The y i e l d s of CES 2-25, when grown at 50% below RIMP and at
50% above RIMP, were c l ose l y comparable at 1080 and 950 kg /ha .
This shows t h a t CES 2-25, even w i t h few i n p u t s , could g ive optimum
y i e l d s . Low y i e l d s were observed f o r BP1 and Pn9 at 50% below
RIMP, and on Farmers's Choice Va r i e t y (UPL Pn9), grown w i t h
fa rmers ' management p r a c t i c e s and inpu t l e v e l s .
Se lec t i on CES 2-25 at RIMP gave the h ighes t net r e t u r n of
P3133/ha, but at 50% above RIMP it generated a low net r e tu rn of
P789/ha. This low r e t u r n was due to a h igh l e v e l of inpu ts and
management p r a c t i c e s , suggest ing t h a t , f o r b e t t e r p r o f i t , CES 2-25
need be grown only at RIMP. The lowest net r e t u r n was observed on
BP1 P9 at 50% above RIMP.
Pigeonpea observa t ion nu rse ry , 1983. A l l e n t r i e s were w e l l
es tab l i shed dur ing t h e i r e a r l y growth s tages. However, the
e a r l y - m a t u r i n g se lec t i ons were a f f e c t e d by cont inuous r a i n and
typhoons dur ing f l owe r i ng and pod f o r m a t i o n . This favored the
i n f e c t i o n o f some suscep t ib le s e l e c t i o n s w i t h Sc lero t ium r o l f s i i ,
r e s u l t i n g in qu i t e a number o f miss ing h i l l s . Observat ions,
i n c l u d i n g y i e l d assessment, were s t i l l i n progress a t the t ime o f
w r i t i n g .
Research Plan
The Regional I n t eg ra te d A g r i c u l t u r a l Research System (RIARS) of the
M i n i s t r y o f A g r i c u l t u r e i s in the 1st year o f implementat ion o f i t s
i n t e g r a t e d farming systems t r i a l s i n marginal h i l l y and r a i n f e d
areas. The t a r g e t c l i e n t e l e / c o o p e r a t o r s are smal l farmers w i t h an
average landho ld ing of 1.74 ha.
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In the case of Region 6 (Western V isayas) , t r i a l s are being
conducted in d i f f e r e n t s i t e s in the provinces o f I l o i l o , Negros
Occ iden ta l , Capiz, An t ique , Ak lan, and Guimaras. A f t e r at l e a s t
two seasons of t r i a l the technologies w i l l be f u r t h e r tes ted over a 
wider scale and p i l o t e d before t h e i r d isseminat ion to fa rmers .
The three crops under study w i l l be tes ted in RIARS s i t e s
throughout the coun t ry . Short and ea r l y -ma tu r ing pigeonpeas from
IRRI are a l ready being tes ted and evaluated in RIARS s i t e s , and i t
is hoped they can be d i s t r i b u t e d to farmers in 1984.
(Acknowledgment is g r a t e f u l l y made to Mr. I s i d r o S. Domingo,
Super intendent of the La Granja Experiment S t a t i o n , f o r p rov i d i ng
r e l a t e d i n fo rma t i on on the crops s t ud i ed , and to researchers
Nestor J. Almodiente, Eduardo B. A r ro , and Corazon A. Arroyo f o r
c o n t r i b u t i n g data on reg iona l t r i a l s on groundnut and winged bean
and pigeonpea eva lua t ion t r i a l s , and the on-farm groundnut t r i a l ,
r e s p e c t i v e l y . )
Groundnut Production, Research, and
Development in Thailand
Vichitr Benjasil
Field Crops Research Center, Khon Kaen, Thailand
Introduction
Groundnut ranks 10th among crops of economic importance in
Tha i l and . Among g ra in legumes i t shares second place in importance
w i t h soybean, wh i l e mung bean is the most impor tant legume crop in
hectarage and p roduc t i on . I t is one of the most v e r s a t i l e crops
tha t can be grown in any par t of the coun t ry , but the major growing
areas are in the Nor th , Nor theast , and Cen t ra l r e g i o n s . Planted
area, p roduc t i on , and y i e l d have been r e l a t i v e l y s tab le over the
l a s t 10 years . The p lanted area has var ied from 100,000 to 130,000
ha, annual product ion from 106,000 to 160,000 tonnes, and y i e l d
from 1000 to 1288 kg /ha . In i t s F i f t h Na t iona l Economic
Development P lan , the Thai Government has set the t a r g e t f o r
i nc reas ing the groundnut-growing area by 1.6%, p roduc t ion by 4.0%,
and y i e l d per hectare by 2.4% annual ly by the end of the F i f t h Plan
i n 1986.
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Production Practices
Three c u l t i v a r s have been released to fa rmers . Lampang has a whi te
seed coat and SK 38 a red one. Both c u l t i v a r s are of the Valencia
type and are se l ec t i ons from l o c a l sources t h a t requ i re 100-110
days to mature. The t h i r d , Tainan 9, a r ecen t l y re leased
i n t r o d u c t i o n from Taiwan, is of the V i r g i n i a Bunch type w i t h a 
wh i te seed coat and bold seed. This c u l t i v a r has been r e a d i l y
accepted by farmers f o r i t s h igher y i e l d and h igh s h e l l i n g
percentage. I t matures w i t h i n 110-120 days.
Rainfed groundnut can grow w e l l in the ra iny season (6 wet
months, each w i t h more than 100 mm of r a i n f a l l ) , and a lso in the
dry season w i t h supplementary i r r i g a t i o n (annual r a i n f a l l being
1000-1400 mm).
There are three groundnut cropping seasons in Tha i l and . The
e a r l y crop is p lanted in Apr i l -May and harvested in Ju ly -Augus t ,
and the l a t e crop grows from July-August to November. Both ea r l y
and l a t e crops are p lanted in the ra iny season under r a i n f e d upland
c o n d i t i o n s . The dry-season (or paddy groundnut) crop is p lanted in
November-December in paddy f i e l d s a f t e r the r i c e ha rves t , w i t h
i r r i g a t i o n , and i s harvested in Ap r i l -May .
Almost a l l p roduct ion in Thai land is by so le -c ropp ing in
r o t a t i o n w i t h r i c e in the dry season, and w i t h other f i e l d crops
such as maize, sorghum, c o t t o n , mung bean, and b lack gram, in the
ra iny season. I n t e r c ropp ing is not acceptable to farmers at
present because of shading e f f e c t s and the poor compet i t i ve a b i l i t y
of the groundnut p lan t which r e s u l t s in a d r a s t i c reduc t ion in
y i e l d both of groundnut and the main c rops .
Weeding by hand labor is p rac t i ced once (or seldom tw ice)
a f t e r t h i n n i n g . L i t t l e chemical f e r t i l i z e r i s app l ied and, i n most
cases, the crop ob ta ins r es i dua l n u t r i e n t s l e f t over from the
prev ious c rop . P lant p r o t e c t i o n from disease and insec ts is r a r e ,
because of the h igh p r i ce of p e s t i c i d e s , except when heavy
i n f e s t a t i o n s occur .
Harves t ing is done by hand, w i t h some help from hand t o o l s i f
the s o i l is hard and dry at harvest t ime . Pod-p ick ing is a lso done
by hand. The nuts are marketed as f resh groundnut, picked green,
or as dry groundnut in whole pods or s h e l l e d .
Groundnut o i l is produced f o r human consumption at an output
of 10,000-14,000 tonnes annua l l y . Groundnut meal (about
13,000-18,000 t / y r ) is used as an animal feed p r o t e i n source
equ iva len t in q u a l i t y to soybean meal but lower in p r i c e .
Economics and Marketing
The cost o f p roduc t ion of groundnut is r e l a t i v e l y h igh in
comparison w i t h o ther f i e l d crops and legumes. Labor costs f o r
p l a n t i n g and ha rves t i ng account f o r 64.82%. Almost 20% of
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product ion cost is f o r seed a lone, wh i le only 4% is f o r other
i n p u t s .
About 30% of the coun t r y ' s product ion goes to the ed ib le o i l
i n d u s t r y . Some 15,000-20,000 tonnes of she l led groundnut is
exported annua l l y , wh i l e the res t of product ion is consumed
domest i ca l l y as human food . Groundnut meal is in great demand as a 
low-cost p r o t e i n source in feed r a t i o n s , competing w i t h f i s h meal
and soybean meal.
Constraints to Production
The f o l l o w i n g are the product ion problems tha t l i m i t the growth in
the t o t a l c u l t i v a t e d area and the y i e l d p o t e n t i a l .
1. U n a v a i l a b i l i t y of good q u a l i t y seed of good and recommended
c u l t i v a r s .
2. Seed cost per u n i t p lanted area is very high when compared w i t h
other crops (20% of t o t a l product ion c o s t ) .
3. Diseases and insec ts t ha t d im in ish y i e l d s dur ing both the ra iny
and dry seasons. Y ie lds are d r a s t i c a l l y reduced i f pes t i c i des
and good pest management techniques are not used.
4. The manual labor invo lved in ha r ves t i ng , p i c k i n g , and d ry ing
takes up much t ime .
5. The low market ing p r i ce of groundnut and the low p r o f i t per u n i t
area compare unfavorably w i th other c rops , e s p e c i a l l y as
groundnut is a l a b o r - i n t e n s i v e c rop.
Status of Groundnut Research
Groundnut research is undertaken by the Department of A g r i c u l t u r e .
Development and extension are the r e s p o n s i b i l i t y of the Department
of A g r i c u l t u r a l Ex tens ion . Some a d d i t i o n a l research and
development are a lso v o l u n t a r i l y undertaken by u n i v e r s i t y research
s t a f f i n appropr ia te areas o f t h e i r e x p e r t i s e .
Breeding. Al though three c u l t i v a r s have been re leased and
genera l l y accepted by farmers , they are s l o w - y i e l d i n g . Breeding
o b j e c t i v e s aim at ach iev ing h igh y i e l d s , w i t h emphasis on to le rance
of envi ronmental s t r e s s , res is tance to r us t and cercospora l e a f
spo t , res i s tance to some insec t pests and to A s p e r g i l l u s sp ( t h a t
produces a f l a t o x i n ) . Ear l iness and la rge seed s ize are a lso
considered impor tant in cropping systems research work, and to make
groundnut more a t t r a c t i v e to consumers.
Crop management. Groundnut is sub jec t to i n t e n s i v e exper imentat ion
regard ing cropping systems in var ious p a t t e r n s , by r o t a t i o n before
or a f t e r r i c e or f i e l d c rops , and by i n t e r c r o p p i n g or re lay
cropping w i t h such crops as kenaf , cassava, e t c . Resul ts in the
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sequen t ia l cropping o f groundnut w i t h o ther s h o r t - d u r a t i o n f i e l d
crops are very p romis ing . Groundnut grown before and a f t e r r i c e
under r a i n f e d cond i t i ons o f t e n s u f f e r s from e i t h e r wa te r logg ing in
wet years or moisture s t ress in dry years . But cropping a f t e r r i c e
under lowland cond i t i ons is very p romis ing .
F e r t i l i z e r s and rhizobium. A low ra te of n i t r ogen f e r t i l i z e r is
app l ied to s t imu la te ea r l y growth (20 k g / h a ) . In gene ra l ,
N:P205 :K20 at 20:40:0 or 20:60:40 kg/ha is recommended. Lime and
calc ium sulphate are e s s e n t i a l f o r improving p o d - f i l l i n g and
inc reas ing y i e l d , e s p e c i a l l y i n ac id o r s l i g h t l y ac id s o i l s .
Rhizobium s t r a i n s f o r groundnut are being s tud ied and improved
y i e l d has been observed in some cases. No i n o c u l a t i o n is p rac t i ced
by fa rmers , but n a t u r a l rh izobium is abundant in s o i l s growing
groundnut.
Diseases
Rust (Pucc in ia a r a c h i d i s ) and l e a f spot (Cercospora a r a c h i d i c o l a
and Cercosporidium personatum) are the most impor tant diseases of
groundnut in Tha i l and . Other diseases such as crown r o t
( A s p e r g i l l u s n i ge r ) and stem r o t (Sc le ro t ium r o l f s i i ) are o f ten
observed in some areas. The recommended c o n t r o l is by improved
c u l t u r a l p r a c t i c e s . Fungic ides are a v a i l a b l e , but c o s t l y .
Breeding programs f o r res i s tance to d iseases, i n v o l v i n g screening
and the t r a n s f e r o f r e s i s t a n t charac ters to standard v a r i e t i e s , are
under way. Breeding f o r res i s tance to A s p e r g i l l u s f l a v u s has also
been s t a r t e d r e c e n t l y , to p ro tec t groundnut products from a f l a t o x i n
con tamina t ion .
Insect Pests
Three major i nsec ts r e g u l a r l y damage the groundnut c rop . They are
the l e a f miner (B i loba s u b s e c i v e l l a ) , the l e a f hopper (Empoasca sp)
and t h r i p s . Other minor i nsec ts are the American bol lworm
( H e l i o t h i s s p ) , aphid (Aphis s p ) , cutworm (Spodoptera l i t u r a ) ,
semi- looper (Phytometra s p ) , co re id (Anoprocnemes phas iana) , l e a f
r o l l e r (Lamprosema i n d i c a t a ) , and the subterranean ant (Dory lus
o r i e n t a l i s ) . Insec t c o n t r o l measures are a v a i l a b l e f o r farmers'
use in most cases. Mechanical and i n t eg ra ted c o n t r o l are o f t en too
slow to prevent crop damage. Chemical c o n t r o l is e f f e c t i v e but
c o s t l y , and i t causes p o l l u t i o n .
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Introduction
The A u s t r a l i a n Centre f o r I n t e r n a t i o n a l A g r i c u l t u r a l Research
(ACIAR) was es tab l i shed in June 1982, to fund c o l l a b o r a t i v e
research between A u s t r a l i a n s c i e n t i s t s and those in developing
c o u n t r i e s . A u s t r a l i a has e c o l o g i c a l s i m i l a r i t i e s w i t h many
coun t r i es in the t r o p i c s and s u b t r o p i c s : a mainly semi -a r id
environment, genera l l y i n f e r t i l e s o i l s , and la rge areas o f land
geograph ica l l y w i t h i n the t r o p i c s . The main focus f o r the Cent re 's
research a c t i v i t i e s i s A u s t r a l i a ' s near neighbors in Southeast
As ia , e s p e c i a l l y the ASEAN c o u n t r i e s , the South P a c i f i c , and Papua
New Guinea.
Plant Improvement Program
A u s t r a l i a ' s need to r e l y heav i l y on in t roduced p lan ts has meant
t h a t i t s s c i e n t i s t s have had to develop the s k i l l s necessary to
adapt such species to new and o f ten h o s t i l e envi ronments. This in
t u rn has led to emphasis on p lan t breeding aimed at adapta t ion to
s t resses such as temperature, n u t r i t i o n , d rought , pes ts , and
d iseases. Plant improvement research in A u s t r a l i a t h e r e f o r e covers
the f u l l spectrum from basic genet ic eng ineer ing to app l ied
agronomic research f o r a wide v a r i e t y of c rop , pas tu re , and t r ee
spec ies .
The need fo r p l an t improvement is s i m i l a r l y impor tan t in
developing c o u n t r i e s . Many new h i g h - y i e l d i n g crop c u l t i v a r s are
capable of y i e l d inc reases . But there is a l a rge gap between crop
y i e l d s obta ined by s c i e n t i s t s on research s t a t i o n s and those
obta ined on farmers' f i e l d s .
The o b j e c t i v e of ACIAR's p l an t improvement program is to
reduce t h i s gap. I t plans to do so through research aimed at
understanding the b i o l o g i c a l , agronomic, and socioeconomic
c o n s t r a i n t s i n v o l v e d , and e x p l o r i n g how they can be overcome.
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Grain Legume Program
T r o p i c a l g ra i n legumes are not only impor tant crops in developing
c o u n t r i e s , but a lso an area of A u s t r a l i a n research e x t e r t i s e and
genet ic resources, as are temperate legumes and the n i t r o g e n - f i x i n g
Rhizobium species associated w i t h bo th .
ACIAR is c u r r e n t l y developing a ser ies of p r o j e c t s concerned
w i t h the p lan t improvement, p lan t p r o t e c t i o n , minera l n u t r i t i o n ,
and bac te r i o l ogy of these legumes. Three ACIAR-supported p r o j e c t s
are a l ready in o p e r a t i o n , as descr ibed below. Under d iscuss ion are
other p r o j e c t s on g ra in legumes in Southeast As ia , p a r t i c u l a r l y on
soybean and mung bean in Tha i l and , and groundnut in Indones ia .
A d d i t i o n a l l y , the ACIAR and the Thai Department of A g r i c u l t u r e
sponsored a- p lann ing meeting on the improvement of g ra i n legumes in
Thai land from 10 to 12 October 1983 in which an overview of g r a i n
legumes R&D work in Thai land was presented.
Plant Virus Identification Project
Viruses have been found to be major causes of crop losses but they
are d i f f i c u l t to i d e n t i f y . The V i rus Ecology Uni t o f the Research
School o f B i o l o g i c a l Sciences, A u s t r a l i a n Nat iona l U n i v e r s i t y , has
assembled a data base on v i ruses i n f e c t i n g legumes to t e s t the use
of a computer-based system to a s s i s t in p lan t v i r u s i d e n t i f i c a t i o n .
The ob jec t of the p r o j e c t is to evaluate the system by p r o v i d i n g
ready access to i d e n t i f i c a t i o n keys and b i o l o g i c a l and phys i ca l
p r o p e r t i e s o f v i r u s e s . The p r o j e c t w i l l concentrate i n i t i a l l y on
v i ruses i n f e c t i n g legumes and i t s s t a f f w i l l work c l ose l y w i t h
members of the I n t e r n a t i o n a l Working Group on Legume V i ruses . The
f i r s t p u b l i c a t i o n from the p r o j e c t , a book e n t i t l e d Legume Vi ruses
1984, w i l l be a v a i l a b l e ea r l y in 1984.
Project on the Development of Legumes for Farming Systems
in Northeast Thailand
Research on legumes, p a r t i c u l a r l y cowpeas and fodder legumes, f o r
nor theas t Tha i land is to be conducted j o i n t l y by the U n i v e r s i t y of
Queensland and the U n i v e r s i t y of Khon Kaen. The p r o j e c t has a r i sen
from a long- te rm assoc ia t i on between these i n s t i t u t i o n s in a 
p r o j e c t supported by the A u s t r a l i a n Development Assistance Bureau
(ADAB). The purpose of the p r o j e c t is to i d e n t i f y s u i t a b l e
v a r i e t i e s of crop and pasture legumes f o r use in va r ious farming
systems in nor theas t Tha i l and , which is an area of poor s o i l s and
e r r a t i c r a i n f a l l . The p r o j e c t is a broad-based one, cover ing work
on p l an t improvement, p l an t p r o t e c t i o n , p lan t n u t r i t i o n , and legume
b a c t e r i o l o g y .
The ACIAR/University of Queensland Pigeonpea Project
The pr imary o b j e c t i v e of the i n i t i a l phase of t h i s research has
been to i d e n t i f y genet ic ma te r i a l w i t h h igh seed y i e l d p o t e n t i a l
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which , under app rop r ia te agronomic p r a c t i c e s , w i l l ensure t h a t pods
are borne at the top of the canopy, and t h a t f l o w e r i n g and pod
development are synchron ized. As a r e s u l t , c o n t r o l of i nsec t pests
can, where necessary, be e a s i l y achieved by a smal l number of
a p p l i c a t i o n s of i n s e c t i c i d e over a few weeks. Other o b j e c t i v e s
have been:
a . to e x p l o i t photoper iod- respons ive genotypes in order to c o n t r o l
the l eng th of the p re f l owe r i ng phase and p l an t h e i g h t , and to
c o n d i t i o n the synchrony of f l o w e r i n g ; and
b. to e x p l o i t the perenn ia l nature o f the c rop , to permi t ra toon
cropping in c e r t a i n s i t u a t i o n s , and to prov ide a homeostat ic
mechanism to s t a b i l i z e y i e l d where envi ronmenta l o r b i o t i c
f a c t o r s impose s t resses ( e . g . , d rought , i n sec t s ) a t p a r t i c u l a r
pheno log ica l s tages .
This research program has i d e n t i f i e d and tes ted appropr ia te
germplasm and p roduc t ion systems t h a t are capable of extremely h igh
seed y i e l d s . (Mean y i e l d s from a p lan t crop in excess of 8000
kg/ha under favorab le cond i t i ons have been ob ta i ned . )
Several o rgan i za t i ons have supported t h i s research at the
U n i v e r s i t y of Queensland. These inc lude two A u s t r a l i a n
o rgan i za t i ons and ICRISAT, which supported the work from 1978 to
1982. The ACIAR pigeonpea improvement p r o j e c t was es tab l i shed in
December 1982, at the U n i v e r s i t y of Queensland. I t s pr imary
o b j e c t i v e i s to cont inue research i n t o pigeonpea improvement w i t h
p a r t i c u l a r a t t e n t i o n to shor t -season p roduc t ion systems. For t h i s
i t i s necessary to develop an improved s c i e n t i f i c understanding o f
the basis f o r h igh seed y i e l d p o t e n t i a l o f short -season systems,
and to exp lore the p o t e n t i a l of these and other pigeonpea
produc t ion systems in environments in A u s t r a l i a and overseas. This
w i l l i nvo l ve i n t e g r a t e d research w i t h p lan t i n t r o d u c t i o n , genet ics
and b reed ing , aspects of crop and p lan t phys io logy , and agronomy.
Close c o l l a b o r a t i o n a l ready e x i s t s w i t h ICRISAT, the Thai
Department o f A g r i c u l t u r e , and the F i j i M i n i s t r y o f A g r i c u l t u r e and
F i s h e r i e s . I n i t i a l contac ts have been made in Indonesia and w i l l
be sought w i t h n a t i o n a l programs in other c o u n t r i e s .
The p r o j e c t is based on a core program in A u s t r a l i a and a 
c o l l a b o r a t i v e outreach program in a number of coun t r i es ( i n i t i a l l y
Tha i l and , F i j i , and I ndones ia ) . The out reach program is focused
i n i t i a l l y on the eva lua t i on of p roduc t ion systems and genet ic
m a t e r i a l . Co l l abo ra to rs overseas are c o n t r i b u t i n g s u b s t a n t i a l l y i n
the p lann ing and execut ion of the research , and an extens ive
two-way i n t e r a c t i o n between core and out reach programs is in
p rogress .
The experiments invo lved in t e s t i n g the p o t e n t i a l o f
p a r t i c u l a r p roduc t ion systems need to be prec ise and not l i m i t e d by
edaphic, n u t r i t i o n a l , pes t , weed, d isease, and mois ture c o n d i t i o n s .
A number of areas f o r study have been developed by j o i n t meetings
in p a r t i c i p a t i n g c o u n t r i e s , and d iscuss ions w i t h c o l l a b o r a t o r s . I n
Thai land and F i j i work i n i t i a t e d in 1983 concerns germplasm
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i n t r o d u c t i o n from a number of sources, and s e t t i n g up seed
produc t ion systems f o r the maintenance of germplasm. S e r i a l sowing
t r i a l s and genotype x dens i ty x sowing date s tud ies have a lso been
e s t a b l i s h e d , supported by genotypic eva lua t ion of a wide range of
m a t e r i a l from d iverse sources, and research i n t o c o n s t r a i n t s to
pigeonpea improvement i n p a r t i c u l a r l o ca t i ons ( e . g . , ac id s o i l s i n
F i j i ) . The program has s u f f i c i e n t f l e x i b i l i t y to permi t the
r e d e f i n i t i o n o f ob j ec t i ves a t a l l stages o f development, and to
b u i l d on experience gained as the c o l l a b o r a t i v e research
progresses.
Conclusion
Grain legumes are h igh p r i o r i t y crops fo r ACIAR, both because of
t h e i r cu r ren t and growing importance in Southeast Asia and because
of A u s t r a l i a ' s experience in the product ion of some legumes,
p a r t i c u l a r l y soybean and groundnut in t r o p i c a l and s u b t r o p i c a l
environments. ACIAR has consul ted w i t h other n a t i o n a l and
i n t e r n a t i o n a l agencies in the prepara t ion o f the p r o j e c t s
desc r ibed , and i s w i l l i n g to co l l abo ra te w i t h others i n t e r e s t e d in
the improvement of g ra in legumes in Southeast As ia .
The Asian Development Bank's Inputs
to Agricultural Research in the Asian Region
A.K. Auckland
Asian Development Bank, P.O. Box 789, Manila, Philippines
The Bank's Approach to Research
The Bank has l i m i t e d resources fo r ( g ran t - f i nanced ) t e c h n i c a l
ass is tance ope ra t i ons ; but i t has recognized the importance of
a g r i c u l t u r a l research and has funded it on a s e l e c t i v e basis at the
p r o j e c t , n a t i o n a l , r e g i o n a l , and i n t e r n a t i o n a l l e v e l s . In so
do ing , the Bank f o l l ows a t h r e e - p o i n t p o l i c y .
1. I t supports only such research as would be of h igh p r i o r i t y and
a p p l i c a t i o n in the Asian r e g i o n .
2. I t does not make general budget-support g r a n t s .
3 . I t supports s p e c i f i c , measurable, and t ime-bound research
p r o j e c t s t h a t are p e r t i n e n t to the Bank's opera t ions in the
a g r i c u l t u r a l s e c t o r .
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Project-related Research
I n i t s e f f o r t s t o promote a g r i c u l t u r a l research t h a t i s o f d i r e c t
b e n e f i t to smal l fa rmers , cons iderab le emphasis has been placed on
p roduc t i on -o r i en ted adapt ive research e f f o r t s by b u i l d i n g such
components i n t o many Bank-loan p r o j e c t s , the o v e r a l l o b j e c t i v e
being to promote new technology f o r expanding farm o u t p u t . In t h i s
c o n t e x t , the Bank is p a r t i c u l a r l y keen t h a t f i n d i n g s emanating from
the i n t e r n a t i o n a l a g r i c u l t u r a l research i n s t i t u t e s get to the
fa rmers .
Agricultural Research at the National Level
This has received a t t e n t i o n in Bangladesh (a 1974 loan) where the
Bank strengthened the o v e r a l l research c a p a b i l i t y in j u t e ,
developed a new c e n t r a l research farm and two seed produc t ion
farms, and i n s t a l l e d seed-processing f a c i l i t i e s . These l a t t e r
f a c i l i t i e s were inc luded to ensure maximum u t i l i z a t i o n of the
research e f f o r t s and the new c u l t i v a r s being produced. A gene bank
f o r s t o r i n g j u t e germplasm was a lso i n s t a l l e d . More r e c e n t l y , the
Bank inc luded a research component, (new research farms, f i b e r
l a b o r a t o r y , c o n s u l t a n t s , e t c . ) in i t s 1982 loan f o r the Cotton
Development Pro jec t in the P h i l i p p i n e s . During 1983 the Bank's
loan to the Solomon Is lands f o r an a g r i c u l t u r a l development p r o j e c t
inc luded s u b s t a n t i a l support to a g r i c u l t u r a l research . Four new
research subs ta t ions are to be es tab l i shed in d i f f e r i n g
ag roc l ima t i c environments ( i n order t h a t adapt ive research can be
c a r r i e d out on the major food crops [ t a r o , sweet po ta toes , and yam]
and cash crops [coconut and cocoa ] ) , and consul tancy serv ices and
overseas f e l l o w s h i p s are to be p rov ided . A l l th ree p r o j e c t s are
l i n k e d to extens ion programs f o r crop max im iza t ion .
Support to International Agricultural Research Institutes
and Regional Programs
In Ju ly 1971 the Bank became a member of the Consu l ta t i ve Group on
I n t e r n a t i o n a l A g r i c u l t u r a l Research (CGIAR). With due regard to
the Bank's resource c o n s t r a i n t s , i t has supported the i n t e r n a t i o n a l
a g r i c u l t u r a l research network only in respect o f i n s t i t u t e s loca ted
in i t s own reg ion of o p e r a t i o n , and such support has been made
a v a i l a b l e on a p r o j e c t basis ra ther than as d i r e c t budgetary
suppor t . In 1983 the Bank was one of the founder donors of AVRDC,
and has recen t l y con t r i bu ted to the c a p i t a l cost f o r the
estab l ishment o f the I n t e r n a t i o n a l I r r i g a t i o n Management I n s t i t u t e
( I I M I ) . Table 1 i d e n t i f i e s the Bank's t o t a l ass is tance to
i n t e r n a t i o n a l research i n s t i t u t e s and t h e i r programs w i t h i n the
reg ion to da te . A proposal f o r Technica l Ass is tance f o r a Regional
T r a i n i n g Program in Vegetable Product ion and Research, based at
Kasetsar t U n i v e r s i t y , Tha i l and , in c o l l a b o r a t i o n w i t h AVRDC, i s
being cons idered . An o b j e c t i v e is to g ive f a r wider reg iona l
d isseminat ion of the t e c h n o l o g i c a l advances made at AVRDC than is
achieved at p resen t .
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Table 1 . ADB ass is tance to i n t e r n a t i o n a l research i n s t i t u t e s
THE INTERNATIONAL RICE RESEARCH INSTITUTE ( I R R I )
Equipment f o r T r a i n i n g Center (1975)
Equipment f o r R ice Gene t i c Resources L a b o r a t o r y (1977)
I n t e n s i f i c a t i o n o f R ice Research f o r
D i sadvan taged Areas (1979)
D e m o n s t r a t i o n - c u m - T r a i n i n g Center on Rice P r o d u c t i o n ,
P o s t h a r v e s t Techno logy , and Biomass U t i l i z a t i o n (1983)
S u b t o t a l
THE INTERNATIONAL CROPS RESEARCH INSTITUTE
FOR THE SEMI-ARID TROPICS (ICRISAT)
Research on An ima l -d rawn Equipment and
A l l i e d Imp lements (1976)
E s t a b l i s h m e n t o f a Gene t i c Resources L a b o r a t o r y (1981)
Chickpea Research i n P a k i s t a n (1983)
S u b t o t a l
THE ASIAN VEGETABLE RESEARCH AND DEVELOPMENT CENTER (AVRDC)
C a p i t a l Cost f o r Center E s t a b l i s h m e n t (1969)
Ou t reach Programs i n Vege tab le Research i n t h e Repub l i c
o f K o rea , t he P h i l i p p i n e s , and T h a i l a n d (1975)
S t r e n g t h e n i n g Vege tab le Research i n I n d o n e s i a
and M a l a y s i a (1983)
S u b t o t a l
THE INTERNATIONAL IRRIGATION MANAGEMENT INSTITUTE ( H M D
C a p i t a l Cost f o r I n s t i t u t e E s t a b l i s h m e n t (1983)
THE INTERNATIONAL FOOD POLICY RESEARCH INSTITUTE ( I F P R I )
Study of Food Demand and Supply and Re la ted S t r a t e g y
f o r t h e B a n k ' s D e v e l o p i n g Member C o u n t r i e s (1983)
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The Bank's Present Inputs to Grain Legume Research
The only d i r e c t i npu t to g ra i n legumes research per se is the
outreach program to s t rengthen chickpea research in Pak i s tan , w i t h
ICRISAT as the c o l l a b o r a t i n g agency. Technica l ass is tance to AVRDC
programs, however, i nvo lve mung bean and soybean research . The
t e c h n i c a l ass is tance to chickpea research , i t w i l l be no ted , i s "o f
h igh p r i o r i t y and a p p l i c a t i o n in the Asian r e g i o n " and is a 
" s p e c i f i c , measurable, and t ime-bound research p r o j e c t " . Future
requests to the Bank f o r t e c h n i c a l ass is tance f o r s i m i l a r g ra in
legumes p r o j e c t s would be viewed favo rab ly by the Management of the
Bank i f they f u l f i l l e d the c r i t e r i a noted i n the t h r e e - p o i n t p o l i c y
above.
( E d i t o r i a l no te : Not summarized. This is the complete paper, as
presented . )
Work Program of ESCAP CGPRT Centre
and Possible Field of Cooperation
with Asian Regional Research on Grain Legumes
Shiro Okabe
ESCAP CGPRT Centre, Jalan Merdeka 99, Bogor, Indonesia
The ESCAP CGPRT Centre
The Regional Co-o rd ina t ion Centre f o r Research and Development of
Coarse Gra ins , Pulses, Roots, and Tuber (CGPRT) Crops in the Humid
Trop ics of Asia and the P a c i f i c , is a subs id ia ry body of the
Economic and Soc ia l Commission f o r Asia and the P a c i f i c (ESCAP) of
the Uni ted Na t ions .
Reasons for establishment of the Centre. Coarse g r a i n s , pu lses ,
roo ts and tuber (CGPRT) crops are very impor tant to most of the
developing c o u n t r i e s of Asia and the P a c i f i c . They are food
s tap les and a source of d i e t a r y p r o t i e n ; they are a lso used as
feed f o r l i v e s t o c k and as raw m a t e r i a l s in severa l a g r o i n d u s t r i e s .
These crops are c u l t i v a t e d most ly at subsis tence l e v e l by
sma l l - sca le and marg ina l fa rmers , usua l l y under r a i n f e d c o n d i t i o n s .
Despi te the research and development e f f o r t s of some coun t r i es in
the r e g i o n , however, the average p r o d u c t i v i t y and p r o f i t a b i l i t y o f
these impor tan t crops remain low. More dynamic research and
developmental programs t h e r e f o r e need to be under taken.
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The a c t i v i t i e s considered to be requ i red w i t h i n such programs
are the f o l l o w i n g .
• The estab l ishment of a reg iona l network to enhance research
coope ra t i on .
• Comprehensive socioeconomic research on such f a c t o r s as
marke t ing , t r a d e , u t i l i z a t i o n , p r i c i n g p o l i c i e s , n u t r i t i o n , and
food and r u r a l employment preferences t ha t have a bear ing on the
t r a n s f e r o f improved technology,
• The development of manpower f o r t echn i ca l and socioeconomic
research on CGPRT crops at the l eve l s appropr ia te to support the
work t h a t needs to be ca r r i ed out to improve p r o d u c t i v i t y .
The ESCAP CGPRT Centre has recen t l y been es tab l i shed in the l i g h t
of these cons ide ra t i ons , and in response to a s t rong request f o r
ass is tance expressed by coun t r ies of the r eg i on .
The Cen t re ' s membership, o b j e c t i v e , and s t r u c t u r e . Membership is
open to a l l members and associate members of ESCAP.
The Cent re 's o b j ec t i ve is to provide members and assoc ia te
members of ESCAP w i t h expert t echn i ca l serv ices and f a c i l i t i e s
requ i red f o r the development o f p roduc t i on , u t i l i z a t i o n , and t rade
of CGPRT crops by s t rengthen ing research and development a c t i v i t i e s
as a means of so l v i ng food problems, i nc reas ing employment
o p p o r t u n i t i e s , ach iev ing be t t e r income d i s t r i b u t i o n and a balanced
d i e t , as w e l l as acce le ra t i ng close l inkages w i t h l i v e s t o c k and
other r e l a t e d i n d u s t r i e s .
Al though the work of the Centre is p r i m a r i l y o r i en ted towards
the humid t r o p i c s of Asia and the P a c i f i c , the Centre a lso takes
i n t o cons ide ra t i on the problems of the semi -a r id and other zones
r e l a t e d to i t s economic and soc i a l areas of r e s p o n s i b i l i t y .
Acco rd ing l y , the Centre has the f o l l o w i n g f u n c t i o n s . (a)
Prov is ion of ass is tance f o r the development of a coopera t ive
a g r i c u l t u r a l research network. (b) Preparat ion of agroeeonomic
s t u d i e s , i n c l u d i n g s o c i a l aspects . (c) T r a i n i n g o f n a t i o n a l
research and extension workers . And (d) the c o l l e c t i o n ,
p rocess ing , and d isseminat ion of i n fo rma t ion on CGPRT c rops .
The Centre has a Governing Board, c u r r e n t l y w i t h
rep resen ta t i on from 10 c o u n t r i e s , and a Technica l Advisory
Committee. The Centre has a smal l core s t a f f c o n s i s t i n g of the
D i r e c t o r and a few p r o f e s s i o n a l s , i n c l ud i n g a g r i c u l t r u a l economists
and an agronomist .
Program Activities
Plan of a c t i v i t i e s . In Phase 1, the work program has been focused
on two a c t i v i t i e s , l i m i t e d to a few crops and a few c o u n t r i e s , (a)
Socioeconomic s tud ies on product ion c o n s t r a i n t s and the p o t e n t i a l
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impact of expanded produc t ion of CGPRT crops on income, p r i c e ,
marke t ing , and employment. And ( b ) , agroeconomic s tud ies on CGPRT
cops and r e l a t e d farming systems. The f o l l o w i n g crops have been
se lec ted f o r p r i o r i t y a t t e n t i o n : soybean, maize, and cassava in
Southeast A s i a , and se lec ted pulses in South A s i a . In both
subregions the p r i o r i t y to be given to mung bean and b lack gram are
under d iscuss ion w i t h government o f f i c i a l s and e x p e r t s . This
i n i t i a l work w i l l be cons iderab ly expanded dur ing Phase 2 to cover
more crops and more c o u n t r i e s .
The 1983-84 program, A workshop on methodology and p lanning of
socioeconomic research on se lec ted CGPRT crops in the humid t r o p i c s
of Asia w i l l be held in Bogor, Indones ia , in mid-1984, A workshop
on the f u t u r e p o t e n t i a l of cassava in Asia and r e l a t e d research
development needs w i l l be held in Bangkok, Tha i l and , in e a r l y June
1984. A study of the soybean commodity system in Indonesia has
been i n i t i a t e d and, f o r comparison, a s i m i l a r study w i l l be
undertaken in Thai land in 1984. In a d d i t i o n , f i n a n c i a l ass is tance
was prov ided f o r the p a r t i c i p a t i o n of two key s c i e n t i s t s from
Indonesia and Thai land in the F i r s t I n t e r n a t i o n a l Symposium on
Soybean in the T r o p i c a l and Sub t rop i ca l Cropping Systems which was
held in Japan in September/October 1983.
Collaboration with National and International
Research Institutions and FAO
F ie lds of research and development regard ing CGPRT crops t h a t are
appropr ia te f o r n a t i o n a l and i n t e r n a t i o n a l cooperat ion have been
i d e n t i f i e d by the Centre . Contacts have been es tab l i shed w i t h
re levan t n a t i o n a l f o c a l po in t s as w e l l as w i t h such i n t e r n a t i o n a l
research i n s t i t u t e s and agencies as CIAT, IFPRI, ICRISAT, IADS,
SEARCA, and FAO. Cooperat ive programs have a l ready been i n i t i a t e d
w i t h the CRIFC in Indonesia f o r the soybean study and w i t h CIAT fo r
the cassava workshop; and the 1984 workshop on socioeconomic
research is expected to s t rengthen coopera t ive network ing
r e l a t i o n s h i p s . Regarding coopera t ion w i t h FAO, a UNDP-funded
reg iona l p r o j e c t r e l a t e d to g ra in legumes and coarse g ra ins in the
t r o p i c s and sub t rop ics o f Asia is p resen t l y under p repara t i on f o r
imp lementa t ion . Fur ther e f f o r t s by the Centre , in seeking the
cooperat ion o f concerned i n s t i t u t i o n s in promoting network
a c t i v i t i e s , are considered to be needed.
Cooperation between ICRISAT and CGPRT Centre 
In recent d iscuss ions between ICRISAT and the CGPRT Centre, it was
agreed in p r i n c i p l e t h a t the two i n s t i t u t i o n s would cooperate and
a s s i s t each other in the f o l l o w i n g ways.
F i r s t , ICRISAT w i l l be able to prov ide research s c i e n t i s t s
from Southeast and South Asian coun t r i es w i t h t r a i n i n g on
socioeconomic research r e l a t e d to ICRISAT's mandate c rops , w i t h
emphasis on i t s methodolog ica l components.
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Secondly, the Centre w i l l cooperate w i t h ICRISAT in a j o i n t or
c o l l a b o r a t i v e research p r o j e c t , w i t h p a r t i c u l a r regard to Southeast
A s i a , to study the demand f o r and u t i l i z a t i o n of commodities from
ICRISAT's mandate c rops , and to study the socioeconomic c o n s t r a i n t s
to t h e i r expanded p r o d u c t i o n . Research development needs w i l l
rece ive p r i o r i t y a t t e n t i o n i n f o rmu la t i ng t h i s p r o j e c t .
L a s t l y , ICRISAT and the CGPRT Centre w i l l encourage t h e i r
s t a f f s to p a r t i c i p a t e in workshops and other meetings of common
i n t e r e s t , to the ex ten t p o s s i b l e ; and both o rgan iza t i ons w i l l
s t rengthen the r e l a t e d research network by mutual ass is tance and
coope ra t i on .
Possible Collaboration with Asian Regional Research
on Groundnut, Chickpea, and Pigeonpea
I t i s in tended in the Cent re 's work program r e l a t e d to g r a i n
legumes t h a t the f i r s t p r i o r i t y o f i t s e f f o r t s a t the i n i t i a l stage
w i l l be placed on soybean in Southeast As ia , and on se lec ted
o i l seed crops and pulses in South As ia . Se lec t ion of the crops to
be s tud ied by the Centre in the l a t t e r area w i l l be f i n a l i z e d
through d iscuss ions w i th the government o f f i c i a l s and exper ts
concerned as w e l l as w i t h ICRISAT. Mung bean and b lack gram w i l l
be considered as p r i o r i t y crops to the ex tent p o s s i b l e , i f the
governments o f cooperat ing coun t r i es have p a r t i c u l a r i n t e r e s t in
socioeconomic aspects in t h e i r development plans f o r these c rops .
I t may be t e n t a t i v e l y concluded t h a t , in the Cent re 's present
program, g ra in legumes such as groundnut, ch ickpea, and pigeonpea
would be inc luded in a f i r s t - p r i o r i t y group f o r South A s i a , but not
f o r Southeast As ia . I t i s f u l l y recognized t h a t groundnut i s
w ide ly grown in Southeast Asia and t h a t var ious problems need to be
solved i n e x p l o r i n g the c rop ' s p o t e n t i a l i n the r e g i o n . I t i s
given less than f i r s t - p r i o r i t y r a t i n g a t present on ly because o f
the Cent re ' s l i m i t e d resources and c a p a b i l i t y .
Pigeonpea and chickpea have so fa r received very l i m i t e d
a t t e n t i o n in f o r m u l a t i n g the work program f o r Southeast Asia due to
the smal l area p resen t l y p lanted to these crops. However, t ak i ng
i n t o account t h e i r p o t e n t i a l o f a d a p t a b i l i t y t o c e r t a i n
env i ronmenta l cond i t i ons in Southeast As ia , as w e l l as the
importance o f d i v e r s i f i c a t i o n o f cropping pa t te rns in t h a t r e g i o n ,
the Centre may need to pay more a t t e n t i o n to these two crops in
prepar ing i t s program of work f o r the next phase.
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Trends and Prospects of Grain Legume Production
in Asia and the Pacific
R.B. Singh
FAO Regional Office for Asia and the Pacific, Maliwan Mansion,
Phra Atit Road, Bangkok 10200, Thailand
Pulses Production in the Region
Between 1971 and 1981 Asia and the P a c i f i c Region accounted f o r
almost h a l f o f the w o r l d ' s p roduc t ion o f pu l ses . Dur ing t h i s
per iod pulses p roduc t ion dec l ined marg ina l l y each year by 0.1%
whereas, in the r e s t o f the w o r l d , i t decreased at an annual r a t e
of 0.9%. Over the 10-year p e r i o d , t h e r e f o r e , per cap i t a
a v a i l a b i l i t y of pulses decreased by about 2% per year .
Average y i e l d s of pulses in Asia and the P a c i f i c over the same
per iod dropped from the a l ready low l e v e l of 611 kg/ha to 602
kg /ha , an annual decrease of about 0 .1%, whereas f o r the r e s t of
the wor ld average p r o d u c t i v i t y dropped from 744 kg/ha to 688 kg /ha ,
an annual negat ive growth ra te of 0.8%. By c o n t r a s t , the area
under pulses in the Region increased marg ina l l y by 163,000 ha (a
growth ra te of 0.05% per y e a r ) . Never the less , the reg ion accounts
f o r about 53% of the w o r l d ' s c u l t i v a t e d area of these c rops .
From observed t rends in p r o d u c t i o n , y i e l d , and c u l t i v a t i o n
area data f o r pulses dur ing the per iod 1971-81, i t i s ev ident t h a t
they have been neglected as food c rops , and have even been pushed
i n t o marg ina l growing areas . F u r t h e r , there have been no
breakthroughs i n i nc reas ing t h e i r p r o d u c t i v i t y .
Groundnut Production in the Region
For the per iod 1971-81 there was an annual p roduc t ion of 10.7
m i l l i o n tonnes of groundnut in the Region, compr is ing 58.4% of the
w o r l d ' s p roduc t ion of groundnut. Product ion in the Region
increased by 1.3% per year , whereas in the r e s t of the wor ld i t
decreased by 1.1% y e a r l y . Y i e l d and area a lso increased y e a r l y , by
0.8% and 0.5%, r e s p e c t i v e l y , whereas in the r e s t of the wor ld the
c u l t i v a t e d area decreased by 1.2%/yr, and the y i e l d increased
year l y only 0.2%.
Medium-term Prospects of Grain Legume Production and Future Tasks
The p o t e n t i a l f o r i nc reas ing product ion of g r a i n legumes in Asia
and the P a c i f i c Region p r i m a r i l y depends on the prospects of
i nc reas ing the area under these crops and t h e i r y i e l d l e v e l s .
Increased produc t ion can come about in two ways: by an increase in
the net cropped area and an increase in cropping i n t e n s i t y .
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The prospects of i nc reas ing the net area in the Region are
ra the r b leak . Approximately 80% of the p o t e n t i a l a g r i c u l t u r a l land
is a l ready in use. Cropping i n t e n s i t y va r ies cons ide rab l y . For
i ns tance , in China, w i t h about 100 m i l l i o n ha of arab le a rea , the
t o t a l cropped area is est imated at about 145 m i l l i o n ha,
rep resen t ing a cropping i n t e n s i t y of 145%. In Ind ia the i n t e n s i t y
is about 120%, Such data depend considerably on such f a c t o r s as
the ex ten t o f the cropping area under i r r i g a t i o n , c u l t i v a r - m a t u r i t y
p e r i o d , the crops grown, and ag roc l ima t i c c o n d i t i o n s . Over the
1961-81 p e r i o d , however, there were o v e r a l l increases in c ropp ing
i n t e n s i t i e s . In " r i c e zone" c o u n t r i e s , f o r i ns tance , they rose by
1.85% per year , in the wheat zone (Pakis tan) by 2.46%, and in the
mixed zones (where both r i c e and wheat are major crops) of I n d i a
and China by 1.92 and 3 .1%.
The ana lys is presented to the Meeting in the f u l l paper
i n d i c a t e d t ha t the t o t a l area under pu lses, groundnut, and soybean
in the Region remained almost s t a t i c ; i t increased from 53.0
m i l l i o n ha in 1971 to only 54.1 m i l l i o n ha in 1981. Dur ing the
same per iod the area under r i c e and wheat increased by more than 21
m i l l i o n ha. During t h i s per iod arable land increased by about 12
m i l l i o n ha, and the i r r i g a t e d land area increased by 20.4 m i l l i o n
ha. Almost a l l o f these increases were d i ve r ted to the p roduc t i on
of h i g h - y i e l d i n g c u l t i v a r s of wheat and r i c e . These increases have
slackened in recent years , however, perhaps because most r e a d i l y
a v a i l a b l e land has already been occupied and brought under
i r r i g a t i o n , and the growing of improved c u l t i v a r s on marg ina l lands
is not as remunarat ive. Fu r the r , most of the developing c oun t r i e s
in the Region have a t t a i n e d , or w i l l soon a t t a i n , ce rea l
s e l f - s u f f i c i e n c y , and r i c e and wheat p r i ces have not been a l l t h a t
a t t r a c t i v e .
In order to increase r i c e paddy p roduc t i on , lands unsu i t ab le
f o r r i c e c u l t i v a t i o n were p lanted to r i c e . I t i s now i n c r e a s i n g l y
r e a l i z e d t h a t such lands should be d i ve r ted to other s u i t a b l e
c rops . In f a c t , China has reduced i t s r i ce -g row ing area in recent
years . But i t s r i c e paddy product ion has increased because of
i n t e n s i f i c a t i o n o f product ion in the most s u i t a b l e ag roeco log ica l
areas, and by i nc reas ing p r o d u c t i v i t y per u n i t area. This s t ra tegy
should be adopted by other coun t r ies in the Region. In t h i s way,
a d d i t i o n a l areas could be brought under g ra in legumes in severa l
c o u n t r i e s .
To acce le ra te and s t a b i l i z e crop product ion most of the
coun t r i es in the Region have been expanding t h e i r i r r i g a t e d areas .
Grain legumes, by the v i r t u e of t h e i r wide a d a p t a b i l i t y , n i t r ogen
economy, and s o i l - i m p r o v i n g p r o p e r t i e s , must f i n d i nc reas ing
rep resen ta t i on in m u l t i p l e cropping under i r r i g a t i o n . So i t i s
expected t h a t , w i t h i nc reas ing i r r i g a t i o n , the area under i r r i g a t e d
pulses w i l l a lso expand. Under l i m i t e d - i r r i g a t e d c o n d i t i o n s , as
f o r ins tance in nor thern Ind ia where a v a i l a b l e water in the
pos t ra i ny ( r a b i ) season i s s u f f i c i e n t f o r one i r r i g a t i o n o n l y ,
chickpea w i l l be more remunerat ive a f t e r r i c e than wheat. Also
w i t h the cu r ren t low l e v e l s o f f e r t i l i z e r a p p l i c a t i o n , i n t e n s i v e
r o t a t i o n s , namely r i c e - r i c e or r ice-wheat or r i c e - r i c e - r i c e , may
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not be p r a c t i c a b l e . Under such s i t u a t i o n s g ra in legumes are the
best crops to f o l l o w the major cerea l c rop .
Addi t iona l ly , even i f the cu r ren t r a te o f expansion o f
i r r i g a t i o n is ma in ta ined , about 60% of the arab le land in the
Region w i l l s t i l l be ra in-dependent by the year 2000. There fo re ,
because legumes are the p re fe r red crops f o r r a i n f e d areas, the
t o t a l area under g ra in legumes should be increased by growing them
as i n t e r c r o p s , by growing them in the o f f -season and in
n o n t r a d i t i o n a l systems, and in marginal areas where o ther crops
f a i l to grow s a t i s f a c t o r i l y . And, because there i s cons iderab le
v a r i a t i o n in the amount o f f e r t i l i z e r used in t r a d i t i o n a l f a rm ing ,
there are advantages to be gained from f i t t i n g legumes i n t o
e x i s t i n g cropping pa t te rns and e x p l o i t i n g t h e i r Rhizobium-based
n i t r o g e n - f i x i n g a b i l i t y . This w i l l c a l l f o r spec ia l ex tens ion
e f f o r t s , i n v o l v i n g the p roduc t ion and d i s t r i b u t i o n o f e f f e c t i v e and
e f f i c i e n t inoculums.
Data in the f u l l paper show tha t mung bean, soybean,
groundnut, and dry bean are the most popular legumes in the Region,
a l t hough , among pu lses , chickpea has the h ighest hectarage because
o f i t s h igh concen t ra t i on i n I n d i a . Pigeonpea i s p r i m a r i l y
concent ra ted in I n d i a , but is a lso grown in Burma and S r i Lanka.
Groundnut must assume grea ter importance in I n d i a , Burma,
China, Indones ia , Laos, Ma lays ia , Pak is tan , the P h i l i p p i n e s ,
Tha i l and , and Vietnam. In I nd ia there are good prospects of
i n t e n s i f y i n g i t s p roduc t i on . There i s scope f o r expanding i t s
area, as w e l l as the c rop ' s p r o d u c t i v i t y , under vary ing cropping
pa t te rns in both South and Southeast Asian c o u n t r i e s .
Chickpea is an impor tant pulse crop in South and West As ia ,
but systemat ic research on t h i s crop began only r e c e n t l y . I t s
area , y i e l d , and product ion have remained stagnant or even s l i g h t l y
dec l ined over the past decade or so. This was a t t r i b u t e d p a r t l y to
ch ickpea-growing areas being d i v e r t e d to semi-dwarf wheat
p r o d u c t i o n . Recent ly , however, because of i t s favorab le p r i ce and
i t s r e l a t i v e l y low demand f o r i n p u t s , chickpea has gained
p o p u l a r i t y i n r a i n f e d o r p a r t i a l l y i r r i g a t e d areas. This t rend
needs to be conso l i da ted through the development and l a r g e - s c a l e
adopt ion o f h i g h - y i e l d i n g , w i l t - , b l i g h t - , and p e s t - r e s i s t a n t
c u l t i v a r s , and l o c a t i o n - s p e c i f i c agronomic management p r a c t i c e s .
There is p o t e n t i a l f o r chickpea to move eastward to Bangladesh,
Burma, T h a i l a n d , Laos, Vietnam, Kampuchea, and even to the
P h i l i p p i n e s and Indones ia .
Pigeonpea is predominant ly a crop of South A s i a . P re l im ina ry
t r i a l s have shown t h a t i t could become a v i a b l e crop in the r a i n f e d
semi -a r id areas of Burma, Tha i l and , the Indochinese c o u n t r i e s , and
even Indones ia . C a r e f u l l y chosen c u l t i v a r s o f d i f f e r e n t m a t u r i t y
groups and p l an t types should t he re fo re be tes ted under d i f f e r e n t
cropping pa t t e rns in r a i n f e d semi -a r id areas o f Southeast A s i a .
In c o n c l u s i o n , and w i t h re ference to the f u l l paper, I 
recommend t h a t soybean and groundnut deserve p r i o r i t y a t t e n t i o n ,
and t h a t mung bean and cowpea should rece ive i n c r e a s i n g a t t e n t i o n
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in order to e x p l o i t the technology already a v a i l a b l e . Pigeonpea
and chickpea could become important crops in r a i n f ed and semi -a r i d
t r a c t s of severa l of the South and Southeast Asian c o u n t r i e s , o ther
than I n d i a , f o r which an improved governmental p o l i c y and a 
produc t ion s t ra tegy are r e q u i r e d .
EEC Assistance to Agricultural Research
in South and Southeast Asia
M. Marieu
EEC Regional Office, Commission of the European Communities,
Taj Palace Hotel, Sadar Patel Road, New Delhi 110 021, India
Introduction
With the except ion of food a id programs, which have been in
opera t ion fo r many years , development cooperat ion between the
European Economic Community (EEC) and Asia has become s i g n i f i c a n t
only over the l a s t few years . I n d i v i d u a l l y , however, some EEC
members s ta tes have had a long t r a d i t i o n of b i l a t e r a l coopera t ion
w i th South and Southeast Asian c o u n t r i e s .
This cooperat ion s ta r t ed in 1976 w i t h the c r e a t i o n , w i t h i n the
EEC budget, of a s p e c i f i c program of t e c h n i c a l and f i n a n c i a l
ass i s tance—in grant form—to developing coun t r ies ou ts ide the ACP*
area, in the sector of r u r a l development, w i t h spec ia l emphasis on
a g r i c u l t u r a l product ion development.
This program, which bene f i t s mainly Asian c o u n t r i e s , and L a t i n
American coun t r i es to a smal ler ex ten t , has been launched w i t h very
modest resources, but has grown r a p i d l y to a s i g n i f i c a n t s i ze
dur ing the l a s t 4 years .
Since no spec ia l budgetary resources have yet been devoted to
a g r i c u l t u r a l research w i t h i n the EEC development budget, and
p r i o r i t y has been given to p ro j ec t s b e n e f i t i n g smal l farmers and
the r u r a l poor d i r e c t l y and r a p i d l y , the funds committed in favor
of a g r i c u l t u r a l research programs have remained comparat ive ly
l i m i t e d .
*The "ACP
c o u n t r i e s ,
t h a t
Group" compr
, a s s o c i a t e d
b e n e f i t f rom t h e
i s e s sever
w i t h t he
r e s o u r c e s
a l A f r i c a n , C a r i b b e a n ,
EEC t h r o u g h t h e
o f the European
"Lome
Develo]
and P a c i f i c
Conven t ion 1 1 ,
pment Fund.
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However, regu la r support has been provided to i n t e r n a t i o n a l
a g r i c u l t u r a l research and, to a smal ler e x t e n t , p roduc t i on -
o r i en ted and adapta t ive research p r o j e c t s in Asia have bene f i t ed
from EEC c o n t r i b u t i o n s .
EEC Support to International Research Institutes
Since 1976 the EEC has c o n t r i b u t e d every year towards the core
research budget of ICRISAT, and supported as w e l l some other
i n t e r n a t i o n a l a g r i c u l t u r a l research centers w i t h i n the CGIAR
system, i n p a r t i c u l a r IRR I .
Over the per iod 1976-82, CGIAR Centers have received a t o t a l
c o n t r i b u t i o n from the EEC amounting to 26.4 m i l l i o n ECU**, out of
which more than 8 m i l l i o n ECU have been a l l o ca te d to ICRISAT.
EEC Support to National Agricultural Research Activities
Two smal l app l ied research p r o j e c t s concerning pulse crops have
been funded by the EEC under the 1979 program, both loca ted in
Tha i l and .
A t o t a l of 600,000 ECU has been committed to the Winged Bean
Crop Development P r o j e c t , which aims at developing the winged bean
as a poss ib le a l t e r n a t i v e to cassava produc t ion in the nor theast
reg ion o f Tha i l and , Pro jec t a c t i v i t y inc ludes s e e d - m u l t i p l i c a t i o n
and v a r i e t y t r i a l s , i n d u s t r i a l a c c e p t a b i l i t y t r i a l s and market
research , as w e l l as i n v e s t i g a t i o n s i n t o poss ib le farming systems
and the p o t e n t i a l economic impact of t h i s c rop .
In a d d i t i o n , 2.6 m i l l i o n ECU have been a l l o c a t e d to an app l ied
crop research p r o j e c t on the Pre l im inary Crop Development f o r the
Northeast Region. The p r o j e c t invo lves the p r o v i s i o n of t e c h n i c a l
ass is tance and research support f o r app l ied crop research and f i e l d
t r i a l s r e l a t e d to the c u l t u r a l i n t r o d u c t i o n o f c e r t a i n new c rops ,
i n p a r t i c u l a r groundnut, i n nor theas tern Tha i l and .
Some other p r o j e c t s supported by the EEC in southeast Asia
(Burma, Indones ia , Tha i land) inc lude a research component t h a t
focuses mainly on the o i l seeds s e c t o r .
Recent statements made by the European Commissioner f o r
Development, Mr. P i s a n i , s t ressed the key r o l e played by
a g r i c u l t u r a l research i n i nc reas ing food s e l f - s u f f i c i e n c y i n
developing c o u n t r i e s . The Commission's serv ices are t h e r e f o r e
c o n s i d e r i n g , w i t h an a c t i v e i n t e r e s t , the p o s s i b i l i t y o f
i n t e n s i f y i n g EEC ass is tance to a g r i c u l t u r a l research a c t i v i t i e s at
n a t i o n a l l e v e l i n the coming years , wh i le ma in ta in ing i t s prev ious
f i n a n c i a l support f o r research work a t i n t e r n a t i o n a l l e v e l .
**1ECU (1 European Currency U n i t . ) -
r a t e .
US$ 0.9 at the December 1983
80
However, d iscuss ions on t h i s matter are s t i l l a t a p r e l i m i n a r y
s tage . The f i r s t step w i l l be to i d e n t i f y in var ious develop ing
coun t r i es p r i o r i t i e s f o r the most su i t ab l e research programs and
the i n s t i t u t i o n s t h a t mer i t encouragement.
In t h i s con tex t , the present Meeting o f f e r s an i nva luab le
oppo r tun i t y f o r improving our understanding of the requirements f o r
a g r i c u l t u r a l research in As ia , both a t na t i ona l and reg iona l l e v e l .
( E d i t o r i a l no te : Not summarized. This is the complete paper, as
presented. )
International Development Research Centre (IDRC)
Support for Grain Legume Research in Asia
K.W. Riley
IDRC, P.O. Box 8500, Ottawa, Canada K1G 3H9
Introduction
Over the past decade, support f o r g ra in legume research has been an
i n c r e a s i n g l y impor tant area o f a c t i v i t y f o r the I n t e r n a t i o n a l
Development Research Centre (IDRC). This support has been given
both to n a t i o n a l programs as w e l l as to i n t e r n a t i o n a l a g r i c u l t u r a l
research cen te rs . In severa l cases, support f o r a number of
s i m i l a r p r o j e c t s in a reg ion has led to l i n k s among the n a t i o n a l
programs as w e l l as w i t h an i n t e r n a t i o n a l cen te r . For example, in
the Middle East , IDRC supports p ro j ec t s in n a t i o n a l programs in
Egypt, Sudan, Turkey, A l g e r i a , and Jordan the s t a f f of which are
c a r r y i n g out research to increase the product ion of faba beans,
l e n t i l s , and ch ickpeas. The presence of ICARDA in the reg ion
prov ides a s t rong base f o r t r a i n i n g , d i s t r i b u t i o n of germplasm,
t e c h n i c a l i n f o r m a t i o n , and v i s i t s to the na t i ona l programs.
Grain Legume Research Support in Asia
IDRC is suppor t ing th ree types of p ro jec t s aimed at i nc reas ing
g r a i n legume produc t ion and u t i l i z a t i o n . These are (1) g ra in
legume breeding and improvement p r o j e c t s ; (2) cropping systems
p r o j e c t s w i t h i n the Asian Farming Systems Network (AFSN),
p a r t i c i p a n t s i n which are t e s t i n g g ra in legumes to f i t i n t o
cropping p a t t e r n s ; and (3) p ro j ec t s aimed at b e t t e r p rese rva t ion
and u t i l i z a t i o n of g r a i n legumes.
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Grain Legume Breeding and Improvement Projects
The IDRC involvement w i t h g ra i n legume research in Asia s t a r t e d in
1973 w i t h support given to the Pulses Improvement Program at
ICRISAT. Since t h e n , support has been channeled i n c r e a s i n g l y to
n a t i o n a l programs in As ia , There are g ra in legume improvement
programs in s i x coun t r i es c u r r e n t l y r e c e i v i n g support from IDRC.
Pakistan, Since 1980, IDRC has provided support to the Pakistan
A g r i c u l t u r a l Research Centre to develop h i g h e r - y i e l d i n g and more
d i s e a s e - r e s i s t a n t l i n e s of g ra i n legumes; to car ry out economic
s t u d i e s , and to s t rengthen the n a t i o n a l program w i t h t r a i n i n g of
both t e c h n i c a l and s c i e n t i f i c s t a f f . The crops invo lved in the
p r o j e c t are the w in te r pulse crops—chickpea and l e n t i l — a n d the
summer pulses—green gram and b lack gram. Chickpea is the most
impor tant pulse crop in Pak is tan , account ing f o r 75% of the t o t a l
p r o d u c t i o n . However, ascochyta b l i g h t has been extremely ser ious
in recent years , making the quest f o r improved d i s e a s e - r e s i s t a n t
l i n e s more u rgen t . This p r o j e c t has l i n k s both w i t h ICRISAT and
ICARDA.
Bangladesh. The Food Legume Improvement P r o j e c t , which s t a r t e d in
1977, prov ides support to the Bangladesh A g r i c u l t u r a l Research
I n s t i t u t e f o r the improvement o f l a t h y r u s , ch ickpea, and l e n t i l , as
w e l l as black gram and pigeonpea. Ob jec t i ves are to develop
h i g h e r - y i e l d i n g and more d i s e a s e - r e s i s t a n t l i n e s ; to improve the
n i t r o g e n - f i x i n g c a p a b i l i t y o f these c rops , and to prov ide t r a i n i n g
f o r n a t i o n a l s c i e n t i s t s in legume improvement. Aga in , there are
l i n k s w i t h ICRISAT which ass is ted in d e f i n i n g the p r o j e c t and
p r o v i d i n g t e c h n i c a l suppor t .
Sr i Lanka. Since 1976, support has been given to the Department of
A g r i c u l t u r e , based at Peradeniya, f o r a Food Grain Improvement
P ro j ec t t h a t inc ludes th ree legume crops—green gram, cowpea, and
pigeonpea. Groundnut improvement is par t of an o i l c r o p s p r o j e c t
based in the south of S r i Lanka. Al though these p r o j e c t s were not
i n i t i a l l y l i n k e d w i t h farming systems a c t i v i t i e s , they have
i n t e g r a t e d w e l l , and they now feed the cropping systems p r o j e c t
w i t h m a t e r i a l f o r cropping pa t t e rn t e s t i n g on farmers 1 f i e l d s .
Indonesia. The g ra i n legume p r o j e c t was s t a r t e d in 1982, w i t h the
Cent ra l Research I n s t i t u t e f o r Food Crops based at Bogor. This
p r o j e c t is aimed at developing improved legume c u l t i v a r s f o r two
s p e c i f i c s i t u a t i o n s : f o r p l a n t i n g a f t e r the ha rves t ing o f lowland
r i c e , and f o r p l a n t i n g in upland areas w i t h ac id s o i l s . The main
legume crops p resen t l y grown are soybean, groundnut, mung bean, and
cowpea. This p r o j e c t s u b s t a n t i a l l y increases the a v a i l a b i l i t y o f
opera t ing funds , and encourages more research in the less populated
i s l a n d s ,
Thailand. Groundnut is an impor tan t crop in Tha i l and , both as a 
source of o i l and as a g ra in legume. Product ion is mainly in the
n o r t h e r n , eas te rn , and c e n t r a l areas of the c o u n t r y , both as a 
r a i n f e d crop and f o l l o w i n g r i c e under i r r i g a t i o n . The Groundnut
Improvement P ro jec t g ives support to the u n i v e r s i t i e s of Khon Kaen
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and Kase tsa r t , in cooperat ion w i t h the F ie l d Crops I n s t i t u t e of the
M i n i s t r y o f A g r i c u l t u r e , to develop groundnut c u l t i v a r s s u i t a b l e
f o r cropping systems in d i f f e r e n t regions of Tha i l and , and to
develop more e f f i c i e n t product ion p r a c t i c e s .
The Phi l ippines. The g ra in legume p ro jec t is being c a r r i e d out
j o i n t l y by the I n s t i t u t e of Plant Breeding (IPB) and the U n i v e r s i t y
of the P h i l i p p i n e s at Los Banos (UPLB). The p r o j e c t is admin-
i s t e r e d through IRRI . There are s t rong legume research groups both
at IPB and UPLB. This p ro j ec t is aimed at producing improved g r a i n
legume c u l t i v a r s not only w i t h i n the P h i l i p p i n e s , but a lso as a 
resource and t r a i n i n g base f o r other p ro jec t s in As ia . Mung bean,
soybean, groundnut, and cowpea are the main legume crops grown in
the P h i l i p p i n e s .
Evaluation of Grain Legumes in the Asian Farming Systems Network
The Asian Farming Systems Network (AFSN) is a vo lun ta ry a s s o c i a t i o n
of s c i e n t i s t s from 13 coun t r ies in As ia . At the hub of t h i s
network is the cropping systems program at IRRI . IDRC suppor ts
f i v e n a t i o n a l cropping systems p r o j e c t s , as w e l l as p r o v i d i n g
support to the cropping systems program at IRRI .
One of the a c t i v i t i e s of the AFSN is to c i r c u l a t e u s e f u l
m a t e r i a l among the coun t r ies in the network, f o r t e s t i n g in
s p e c i f i c cropping p a t t e r n s . Grain legumes form a component of many
of the cropping pa t te rns being t e s t e d . Thus, support f o r legume
improvement programs, which are i n teg ra ted i n t o the AFSN, a l lows
improved m a t e r i a l to be developed, then c i r c u l a t e d around the
network f o r t e s t i n g .
Preservation and Utilization Projects
Improvements in postharvest handl ing and processing are an i n t e g r a l
pa r t of improving the a v a i l a b i l i t y of g ra in legumes. A p r o j e c t on
g ra in legume dehu l l e rs in the P h i l i p p i n e s complements the breeding
p r o j e c t at UPLB. In Indones ia , a food processing study is under
way to produce the fermented foods c a l l e d t o f u and tempeh from
legumes other than soybean. Simple groundnut th reshers have been
developed and tes ted at Khon Kaen U n i v e r s i t y in Tha i l and , wh i l e a 
p r o j e c t in Bangladesh is assessing postharvest losses and
developing b e t t e r d r y i n g , storage and d i s t r i b u t i o n systems f o r the
pu lses .
The Nature of IDRC Support
The f o l l o w i n g fea tu res are c h a r a c t e r i s t i c of IDRC p r o j e c t s ,
p a r t i c u l a r l y those in the A g r i c u l t u r e , Food and N u t r i t i o n a l
Sciences D i v i s i o n .
1. P ro jec ts are f a i r l y s m a l l , and have a s p e c i f i c focus . Emphasis
is placed on b u i l d i n g n a t i o n a l research c a p a b i l i t y .
83
2. P ro jec ts t h a t have a s i m i l a r focus or deal w i t h s i m i l a r crops in
a reg ion are very o f ten l i n k e d together in a network,
3. The form and the l e v e l of i n t e r a c t i o n in a network can vary
g r e a t l y , but a l l networks aim to improve the e f f ec t i ve n ess o f
the research being c a r r i e d out by t h e i r members. The common
fea tu res of such networks a re :
• t h e i r e f f ec t i veness depends on the a c t i v i t i e s of a 
c o o r d i n a t o r ;
• they f a c i l i t a t e exchanges of germplasm and i n f o r m a t i o n ;
• they f a c i l i t a t e the t r a i n i n g o f s c i e n t i f i c and t e c h n i c a l
s t a f f , and exchange v i s i t s of s c i e n t i s t s ; and
• they promote the o rgan i za t i on of workshops where research
f i n d i n g s and methodology are d iscussed.
4 . I t i s impor tant t h a t a l l members o f the network have independent
f u n d i n g . This encourages them to i n t e r a c t as equals in the
network, and promotes more e f f e c t i v e feedback to the r e l a t e d
i n t e r n a t i o n a l a g r i c u l t u r a l research cen te r ,
5. An e f f e c t i v e network i n f l uences research p o l i c y and p lann ing in
re levan t i n t e r n a t i o n a l cen te rs .
Conclusion
IDRC has given cons iderab le emphasis to suppor t ing g ra in legume
research i n As ia , and i t i s expected t h a t t h i s support w i l l
con t i nue . The support t h a t ICRISAT has to o f f e r from i t s Pulses
Improvement, Farming Systems Research, and Economics Programs is
considered to be of immense b e n e f i t in g ra in legume research and
development in A s i a .
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Grain Legumes in Rice-based Cropping Systems
R.K. Pandey
International Rice Research Institute (IRRI),
P.O. Box 933, Manila, Philippines
Introduction
Rice dominates the a g r i c u l t u r a l economies of the South and
Southeast Asian coun t r i es where r i c e f i e l d s cover 81 m i l l i o n ha of
the landscape, usua l l y occupying the most f e r t i l e and l e v e l l a n d .
But only a smal l p ropo r t i on of the r i c e area is i r r i g a t e d (30%) and
only a f r a c t i o n of t ha t receives water year - round.
Grain legumes, namely cowpea, soybean, mung bean, and
groundnut, are of pr imary importance in r ice-based c ropp ing ,
Pigeonpea and chickpea have been added to t h i s l i s t . They not on ly
prov ide a good-qua l i t y p ro te i n food source to r i c e farmers but a lso
en r i ch the r i c e l a n d .
The Paddy Environment
A dry land crop f o l l o w i n g paddy r i c e encounters some fo rmidab le
d i f f i c u l t i e s . The most c r i t i c a l o f these are adverse s o i l phys i ca l
c o n d i t i o n s , t i l l a g e c o n s t r a i n t s , a h igh p r o b a b i l i t y o f wa te r logg ing
dur ing ea r l y growth, and the near c e r t a i n t y of drought du r ing the
reproduc t i ve p e r i o d .
Cropping Patterns involving Legumes
Rice-legume r o t a t i o n . More than h a l f o f the r i c e in Asia is grown
in paddies whose source of water is p r i m a r i l y r a i n f a l l . In these
areas there is usua l l y enough r a i n f a l l f o r only one crop of r i c e
per year . Thus, other crops tha t requ i re less water are usua l l y
grown i n r o t a t i o n w i t h r i c e .
In legume-before-rice rotations the r i c e is t r ansp lan ted a t
the peak r a i n f a l l month so tha t there are about 2-3 months
a v a i l a b l e in which another crop can be grown before r i c e . For a 
crop t o f i t t h i s per iod i t must mature e a r l y , p re fe rab l y i n l ess
than 70 days, and it must be able to t o l e r a t e heavy ra i ns at the
l a t e r growth s tages . Only mung bean and cowpea s a t i s f y the
e a r l y - m a t u r i t y requ i rement .
In legumes-after-r ice rotat ions the legume must be able to
t o l e r a t e drought i n i t s l a t e r growth s tages. Popular crops f o r
growing in r i c e paddies dur ing the dry months are cowpea, mung
bean, soybean, groundnut, pigeonpea, and ch ickpea. The
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performances of these legumes, however, d i f f e r g r e a t l y due to
adverse growing c o n d i t i o n s .
Intercropping legumes with other crops such as maize, cassava,
and sugarcane is a t t r a c t i v e because the legumes have shor t s t a t u r e
and a b i l i t y t o f i x n i t r o g e n , there i s l i t t l e y i e l d reduc t i on i n the
nonlegume c rop , and y i e l d from the legume i n t e r c r o p can be regarded
as an a d d i t i o n a l product w i t h a use fu l economic r e t u r n .
Problems and Potentials of Selected Legumes
Cropping systems research r e s u l t s at IRRI show great p o t e n t i a l f o r
cowpea, mung bean, soybean, groundnut, and pigeonpea c u l t i v a t i o n
a f t e r r i c e .
Cowpea showed most v e r s a t i l i t y of the legumes s tud ied because
of the p o s s i b i l i t y to market green beans. The crop es tab l i shes
i t s e l f r e a d i l y a f t e r lowland r i c e and t o l e r a t e s l o w - t i l l a g e
management methods.
Soybean could be grown e i t h e r before or a f t e r r i c e . The crop
is w e l l su i t ed to seeding a f t e r paddy r i c e where the dry season
co inc ides w i t h longer day leng th , as in Indonesia and Malays ia .
However, soybean c u l t i v a r s are being developed w i t h less
s e n s i t i v i t y to photoper iod and more res i s tance to d iseases. In
many areas of the t r o p i c s soybean is becoming an impor tant g r a i n
legume.
Mung bean can best be c u l t i v a t e d towards the end of the r a i n s .
Y ie lds a f t e r r i c e va r ied from 300 to 1200 kg/ha in recent s tud ies
in farmers 1 f i e l d s . Major problems encountered were crop
es tab l i shment , ea r l y damage due to empoasca l e a f hopper and f l e a
b e e t l e s , and powdery mildew.
Groundnut showed drought to le rance s i m i l a r to t h a t of cowpea.
The crop is w e l l su i t ed to the post-paddy environment, performs
be t t e r on the upland r i c e s o i l s w i t h low c lay con ten t s , and
requ i res good t i l t h . Y ie lds obta ined on fa rmers ' f i e l d s a f t e r r i c e
in upland c o n d i t i o n s va r i ed from 600 to 1600 kg /ha . Groundnut has
been p r o f i t a b l y in te rc ropped w i t h maize and cassava.
Pigeonpea, being d r o u g h t - r e s i s t a n t , has great p o t e n t i a l in
r a i n f e d areas as human food , animal f eed / f odde r , and green manure.
Ear l y -matu r ing c u l t i v a r s have produced 2000-3000 kg/ha g r a i n y i e l d ,
when p lan ted a f t e r paddy. The c rop ' s ra toon ing a b i l i t y o f f e r s
a t t r a c t i v e a l t e r n a t i v e land use in the dry season when i t i s
d i f f i c u l t to p l an t new c rops . With occas iona l r a i n , i t can produce
a decent y i e l d (700-1000 k g / h a ) . Except f o r H e l i o t h i s armigera
(pod borer ) there are no major i nsec ts and d iseases. But some
management s t u d i e s , f o r ins tance on crop estab l ishment and
r a t o o n i n g , need a t t e n t i o n in r i ce -based systems.
Chickpea appears to have l i m i t e d a d a p t a b i l i t y in the t r o p i c s .
The g ra in y i e l d ranges from 200 to 600 kg /ha . However in h i l l y
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areas, when the temperature is cool f o r a few months, i t could be
grown s u c c e s s f u l l y . A t r o p i c a l l y adapted c u l t i v a r may prove u s e f u l
i n the f u t u r e .
Grain Legumes Technology for Rice-based Systems
Var ie ta l development. For r ice-based cropping systems g r a i n legume
c u l t i v a r s must be e a r l y - m a t u r i n g , m u l t i p l e disease and i nsec t
r e s i s t a n t , and t o l e r a n t of excessive moisture and drought . Three
i n t e r n a t i o n a l cen ters—I ITA (cowpea and soybean), ICRISAT
(pigeonpea, ch ickpea, and groundnut) , AVRDC (mung bean and
soybean)—are invo lved in the development o f c u l t i v a r s s u i t a b l e f o r
d i f f e r e n t envi ronments. IRRI , i n c o l l a b o r a t i o n w i t h these cen te rs
and w i t h n a t i o n a l programs, i d e n t i f i e s c u l t i v a r s o f g r a i n legumes
s u i t a b l e in r i ce-based cropping systems fo r As ia .
T i l l a g e . Exper imental evidence suggests t ha t zero t i l l a g e may
prov ide y i e l d s comparable w i t h convent ional t i l l a g e .
Inoculat ion and f e r t i l i z e r appl icat ion . Rhizobium i n o c u l a t i o n ,
f o l l o w i n g a lowland r i c e c rop, o f ten improved the y i e l d o f g r a i n
legumes, p a r t i c u l a r l y soybean. The add i t i on of 30-50 kg/ha P2O5
has been shown to increase the y i e l d of g ra in legumes on s o i l s low
in a v a i l a b l e phosphorus.
Plant density and seeding method. To ob ta in optimum p l a n t dens i t y
of g ra in legumes f o l l o w i n g r i c e is o f ten a problem. Under l i m i t e d
s o i l moisture c o n d i t i o n s , low dens i ty may be b e n e f i c i a l b u t , where
adequate moisture is a v a i l a b l e dur ing the growing season, s l i g h t l y
h igher dens i ty may improve g ra in y i e l d . The seeding methods used
by farmers a lso a f f e c t the p lan t s tand.
Plant protect ion. Y ie l d losses caused by insec ts at each crop
growth stage have been q u a n t i f i e d by IRRI 's Cropping Systems
Program and s u i t a b l e insec t c o n t r o l measures are being developed.
The occurrence and succession of important weed species in g ra i n
legume crops have been recorded and s u i t a b l e c u l t u r a l p rac t i ces are
a lso being developed.
The Present Grain Legumes Research at IRRI
The Cropping Systems Program is invo lved in the improvement of
cowpea, soybean, and mung bean product ion in p re - and p o s t - r i c e
environments and in groundnut, pigeonpea, and chickpea in the
p o s t - r i c e envi ronment. The major research on g ra in legumes
invo lves i d e n t i f i c a t i o n o f s h o r t - d u r a t i o n and h i g h - y i e l d i n g
c u l t i v a r s w i t h m u l t i p l e disease and insec t res is tance and to le rance
of adverse envi ronmenta l s t resses . We also develop s u i t a b l e
produc t ion technology f o r major product ion complexes and i d e n t i f y
the most p roduc t i ve and economical ly f e a s i b l e cropping p a t t e r n s .
W i th in t h i s framework, we co l l abo ra te w i t h other i n t e r n a t i o n a l
c e n t e r s , the I n s t i t u t e o f P lant Breeding ( IPB) , U n i v e r s i t y o f the
P h i l i p p i n e s , and n a t i o n a l programs.
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The most promis ing e n t r i e s from i n t e r n a t i o n a l cen te rs , the
IPS, and n a t i o n a l breeding programs are c o l l e c t e d and evaluated at
IRRI and the Asian Cropping Systems Network, These promis ing
c u l t i v a r s are a lso tes ted i n i n t e n s i v e cropping p a t t e r n t r i a l s .
Conclusions
The development of r i c e / g r a i n legumes cropping pa t te rns is a 
response to the need to i n t e n s i f y land use in the densely populated
Asian r i ce -g row ing areas. The i nc reas ing cost of n i t rogenous
f e r t i l i z e r s f u r t h e r j u s t i f i e s t h i s approach. The a v a i l a b i l i t y o f
s h o r t - d u r a t i o n and h i g h - y i e l d i n g r i c e s , coupled w i t h development o f
ea r l y -ma tu r i ng g ra in legumes, has made i t poss ib le to increase the
cropping i n t e n s i t y . Greater e f f o r t s are needed to improve g ra in
legume technology f o r the p o s t - r i c e environment, the most c r i t i c a l
areas being c rop-es tab l i shment p rac t i ces and v a r i e t a l a d a p t a t i o n .
Al though r i c e / g r a i n legumes is a common cropping p a t t e r n , i t s
p o t e n t i a l inc ludes expansion of many m i l l i o n s of hectares in As ia .
NifTAL Biological Nitrogen Fixation Resource Center
for South and Southeast Asia
Douglas Beck and Jake Halliday
BNF Resource Center, Rhizobium Building, Soil Science Division,
Department of Agriculture, Bangkok 10900, Thailand
Introduction
At NifTAL, in Hawai i , we have f o r severa l years o f f e r e d s e r v i c e s ,
t r a i n i n g , and resource support f o r i n - c o u n t r y research on and
adapta t ion of B i o l o g i c a l N i t rogen F i x a t i o n (BNF) techno logy . With
the rap id growth of i n t e r e s t in BNF, and the d i f f i c u l t i e s imposed
by l ong -d i s tance communication, we recognized the need to
r e g i o n a l i z e our a c t i v i t i e s , and have i n s t i t u t e d r eg iona l BNF
Resource Centers both in A f r i c a (Zambia) and Asia ( T h a i l a n d ) . In
seeking to support the development of BNF technology f o r the
t r o p i c s , th ree main areas of need have been i d e n t i f i e d .
Improvement of the Database
Basic economic i n f o rma t i on on the b e n e f i t s of BNF are scarce and,
u n t i l these b e n e f i t s are t r a n s l a t e d i n t o economic da ta ,
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pol icy-makers a t the n a t i o n a l l e v e l w i l l be unable to o f f e r the
necessary suppor t . We s t i l l cannot c o n s i s t e n t l y p r e d i c t the
economic r e t u r n o f i n o c u l a t i o n in the fa rmer 's f i e l d . Th is is why
the INLIT ( I n t e r n a t i o n a l Network of Legume I n o c u l a t i o n T r i a l s ) was
devised and s t i l l has l i m i t e d success. Y ie ld data from which to
ob ta in the economic re tu rn s t i l l need to be generated.
Technical and Information Services
The serv ices necessary f o r a v iab le research program inc lude b o t h :
a. research t o o l s such as Rhizobium s t r a i n s , companion an t i se rum,
and seed of improved c u l t i v a r s ; and
b. i n fo rma t i on in the form o f j o u r n a l a r t i c l e s , c u r r e n t
p u b l i c a t i o n s , and reg iona l news.
Document-provis ion se rv i ces , i n fo rmat ion on a v a i l a b i l i t y o f
f und ing , and i n fo rma t ion on cur ren t reg iona l research may prov ide a 
core of c o l l a b o r a t i o n e s s e n t i a l to so l v i ng the tremendous task of
e x p l o i t i n g BNF f u l l y .
Multilevel Training
In the past NifTAL has had considerable i n t e r e s t in t r a i n i n g
personnel in BNF technology, w i t h emphasis at the l a b o r a t o r y l e v e l
but s t r e s s i n g the importance of accompanying f i e l d research . Our
t r a i n i n g emphasis w i l l s h i f t now to courses in inoculum produc t ion
on a s c a l e - n e u t r a l basis ( rang ing from l a b o r a t o r y - s i z e p roduc t ion
u n i t s up to commercial p lan t p roduc t i on ) , and to t r a i n i n g at the
extens ion l e v e l . E f f e c t i v e t r a n s f e r of new technology to the farm
l e v e l is the basic goal of a g r i c u l t u r a l research, but can be
accomplished on ly i f c o l l a b o r a t i o n between research, ex tens ion , and
produc t ion management is p roper ly developed and main ta ined.
Prov id ing these var ious means o f support w i l l f a l l
i n c r e a s i n g l y under the auspices of the NifTAL Regional Resource
Centers . A press ing need is f o r o r i e n t a t i o n to each r e g i o n ' s
p a r t i c u l a r requ i rements , in terms of research, i n f o r m a t i o n , and
t r a i n i n g .
The s t r u c t u r e f o r con t inu ing the work of the Resource Center
in Thai land w i l l be composed around three p ro fess iona l Rhizobium
s p e c i a l i s t s , one of whom w i l l be s ta t ioned f u l l - t i m e in Bangkok,
and who w i l l be a v a i l a b l e upon request f o r c o n s u l t a t i o n w i t h i n the
r e g i o n .
B i o l o g i c a l n i t r ogen f i x a t i o n research and promotion are
r a p i d l y ga in ing momentum as pol icy-makers recognize the importance
o f t h i s technology in t h e i r a g r i c u l t u r a l development programs.
This f a c t increases the need f o r cooperat ion between i n s t i t u t i o n s ,
in order to prevent over lap of e f f o r t and to accumulate the
i n f o r m a t i o n necessary f o r f u l l u t i l i z a t i o n o f the techno logy.
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Resource Center Activities (NifTAL-Thailand) for 1984
These a c t i v i t i e s center upon three iden t i f i ed areas of need.
Improvement of the database.
a. I n i t i a t i o n of a r e g i o n a l l y focused research program from the
Center, w i t h research focused i n i t i a l l y on the f o l l o w i n g t o p i c s :
1. N - f i x a t i o n measurement and N -cyc l i ng .
2. Compet i t ion and pers is tence of Rhizobium.
3. E f f e c t f so i l / env i r onmen ta l s t ress on Rhizobium/legume
symbios is .
4 . Rhizobium/legume/mycorrhizae i n t e r a c t i o n s .
This research w i l l be conducted c o l l a b o r a t i v e l y w i t h s c i e n t i s t s
in coun t r i es o f the region a f t e r c o n s u l t a t i o n w i t h the var ious
o rgan iza t i ons and s c i e n t i s t s conduct ing BNF research. This w i l l
be i n i t i a t e d as soon as poss i b l e .
b. An i n t e r n s h i p exchange program w i l l be i n i t i a t e d . P a r t i c i p a t i n g
s c i e n t i s t s w i l l v i s i t the Resource Center to exchange
in fo rma t i on and use the Center 's e x c e l l e n t research f a c i l i t i e s .
These i n t e r n s h i p s w i l l have a probable du ra t i on of 2-3 months,
c o n s i s t i n g o f programs t a i l o r e d to i n d i v i d u a l needs.
c . Continued i n t e r a c t i o n w i t h INLIT cooperators in the r e g i o n , w i t h
increased communication through d i r e c t support from the Resource
Center.
Technical and Information Services.
a . P r i o r i t i e s i n i t i a l l y l i e w i t h the Rhizobium/legume and
Azol la/Anabaena symbioses, and support w i l l cons i s t of making
a v a i l a b l e Rhizobium germplasm, companion immuno-d i f fus ion and
f l u o r e s c e n t an t iserum, Azo l la germplasm, seeds o f d i f f i c u l t -
t o - o b t a i n c u l t i v a r s , and perhaps spec ia l i zed a n a l y s i s , such as
N-.15 de te rmina t ions or s t r a i n s e r o t y p i n g . Germplasm storage may
be in the form of an i n fo rma t i on bank, ra the r than ac tua l
s to rage , through which i n fo rma t i on on s t r a i n s and seed of
underexp lo i ted legumes or unava i lab le c u l t i v a r s is made
a v a i l a b l e on reques t . Networking such support w i t h an
i n s t i t u t i o n s t rong in the p a r t i c u l a r f i e l d may be the most
f e a s i b l e approach. Inocu lan ts f o r research purposes w i l l a lso
be a v a i l a b l e upon reques t .
b. Response to c o n s u l t a t i o n reques ts , w i t h p r i o r i t y determined by
need, and the de lega t i on of consu l tan ts from NifTAL s t a f f
according t o t h e i r s p e c i a l i t i e s . Aga in , network ing w i t h other
agencies to he lp prov ide c o n s u l t a t i v e serv ices would be most
e f f i c i e n t .
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c. D i s t r i b u t i o n o f i n fo rmat ion m a t e r i a l s , i n c l u d i n g a 
document-provis ion s e r v i c e , w i t h a reg iona l BNF news le t te r
forming the core veh ic le o f in fo rmat ion d i s t r i b u t i o n . This
news le t t e r , c i r c u l a t e d q u a r t e r l y , w i l l c o n t a i n :
- t i t l e s and abs t rac ts of selected a r t i c l e s on BNF sub jec ts
focused e s p e c i a l l y on reg iona l aspects;
- reg iona l news of BNF a c t i v i t i e s and new methodologies;
- a c t i v i t i e s o f reg iona l a g r i c u l t u r a l Centers;
- i n fo rma t i on on funding agencies and grant a v a i l a b i l i t y ;
- calendar of reg iona l events ( t r a i n i n g courses, symposia,
workshops, e t c . ) ;
- research contacts in the form of a world r e g i s t e r .
d . (Perhaps the most important in t h i s group) : Co l l abo ra t i on w i t h
other agencies in the a c t i v i t i e s l i s t e d above. There are many
o p p o r t u n i t i e s to cooperate and, through a spec ia l focus on BNF,
we hope to explore the p o s s i b i l i t y of a network ing r o l e ,
f a c i l i t a t i n g in fo rmat ion exchange between s c i e n t i s t s ,
i n s t i t u t i o n s , and agencies fo r development. This w i l l i nc lude
promotion of conferences and workshops in the r e g i o n , f o r
example a Southeast Asian Rhizobium Conference to be held in
1985.
Training.
L is ted below are t r a i n i n g courses planned fo r coo rd ina t i on by the
Ni fTAL-Thai land Resource Center. In add i t i on to these , requested
cooperat ion on courses in r e l a ted subjects w i l l be cons idered.
a. Ten-day Azo l la workshop, attended by two delegates of each
country of the reg ion , at the Resource Center in January 1984.
b. Ten-day extension workshop on Rhizobium/legume i n o c u l a t i o n , in
Bangladesh in March 1984, f o r approximately 30 persons.
c. Possible ex tens ion- type t r a i n i n g course fo r reg iona l FAO s t a f f
p r i o r to increased FAO involvement in BNF in the r e g i o n . The
venue w i l l probably be the NifTAL-Thai land Resource Center in
August 1984.
d. Inoculum Product ion Course ( s c a l e - n e u t r a l ) to be held at
NifTAL-Hawaii in November 1984. This 3-week course w i l l be
attended by 8-12 persons from the t r o p i c s , and is the pro to type
of s i m i l a r courses to be held subsequently at the Resource
Center in Tha i l and .
e. Graduate ass i s tan t sh ips w i l l be o f fe red fo r Ph.D. work at any
US i n s t i t u t i o n . Funding f o r each person w i l l be $7000/yr f o r 3 
years , p lus a i r f a r e .
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f . D i s t r i b u t i o n o f t r a i n i n g m a t e r i a l s , i n c l u d i n g an I n o c u l a t i o n
Pocket Book (a j o i n t FAO/NifTAL p u b l i c a t i o n ) , an Inoculum
Product ion Manual (by Dr J, Bu r t on ) , the NifTAL T r a i n i n g Manual,
and extens ion ma te r i a l s in the form of manuals and aud iov isua l
a i d s .
The Peanut Collaborative Research Support Program
D.G. Cummins
University of Georgia, Georgia Experiment Station, Experiment,
Georgia 30212, USA
Goal
The Peanut Co l l abo ra t i ve Research Support Program (CRSP) b r ings
together the resources of developing country and US research
i n s t i t u t i o n s i n t o a long- term c o l l a b o r a t i v e research program aimed
at i nc reas ing the product ion and u t i l i z a t i o n of groundnut in
developing c o u n t r i e s . The program is funded through T i t l e
XII—"Famine Prevent ion and Freedom from Hunger"—of the United
States Congress. The Peanut CRSP was implemented on 1 Ju ly 1982.
Objectives
The Program has severa l basic o b j e c t i v e s . These a re : to conduct
research to r e l i e v e c o n s t r a i n t s to groundnut product ion and
u t i l i z a t i o n ; to prov ide shor t - te rm and d e g r e e - t r a i n i n g programs
f o r hos t -coun t ry s t a f f a t US i n s t i t u t i o n s ; to prov ide o n - s i t e
c o n s u l t a t i o n in host coun t r ies by US s c i e n t i s t s ; and to give
program support f o r equipment, s u p p l i e s , t r a v e l , and personne l .
Secondar i l y , US groundnut research programs are enhanced through
the exchange of germplasm and knowledge of p roduc t ion and
u t i l i z a t i o n , and program suppor t .
Constraints
The research o b j e c t i v e s of the p r o j e c t s t ha t comprise the Peanut
CRSP have been developed around c o n s t r a i n t s w i t h a l l o c a t e d
p r i o r i t i e s . These a re : low y i e l d s because of unadapted v a r i e t i e s
and lack of v a r i e t a l res i s tance to d iseases, i n s e c t s , and drought ;
hea l t h hazards and economic losses due to mycotoxin con tamina t ion ;
y i e l d losses due to i n f e s t a t i o n s of weeds, i n s e c t s , and nematodes,
and disease i n f e c t i o n s ; inadequate food supp l ies where groundnut
is not gene ra l l y considered a pr imary food source; economic and
s o c i o l o g i c a l problems prevent ing e f f i c i e n t p roduc t ion and
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u t i l i z a t i o n ; and p h y s i o l o g i c a l and s o i l m i c r o b i o l o g i c a l b a r r i e r s
r e s u l t i n g i n low y i e l d s .
Program Strategy
I n d i v i d u a l Peanut CRSP p r o j e c t s are des igned w i t h c a r e f u l
c o n s i d e r a t i o n b e i n g g i v e n t o h o s t - c o u n t r y needs , bu t a t t h e same
t i m e f o c u s i n g on r e g i o n a l r esea rch and development p r o b l e m s .
I n f o r m a t i o n d e r i v e d f rom p r o j e c t f i n d i n g s w i l l be shared on a 
r e g i o n a l b a s i s by means o f r e p o r t s , p u b l i c a t i o n s , and a p p r o p r i a t e
mee t ings o r wo rkshops .
Program Participants
The US i n s t i t u t i o n s i n v o l v e d in the Program are Alabama A&M
U n i v e r s i t y , U n i v e r s i t y o f G e o r g i a , No r th C a r o l i n a S t a t e U n i v e r s i t y ,
and Texas A&M U n i v e r s i t y . E leven p r o j e c t s i n c o l l a b o r a t i o n w i t h
n ine hos t c o u n t r i e s a re d i s t r i b u t e d among these o r g a n i z a t i o n s .
The U n i v e r s i t y o f Georg ia was s e l e c t e d to manage t h e Program
and r e c e i v e d t h e pr ime g r a n t f rom USAID. Under s u b g r a n t s , each
u n i v e r s i t y l e a d s i t s r e s p e c t i v e p r o j e c t and deve lops c o l l a b o r a t i v e
a c t i v i t i e s i n t he hos t c o u n t r y , and p a r t i c i p a t i n g s t a f f i n t h a t
c o u n t r y r e c e i v e f i n a n c i a l and t e c h n i c a l s u p p o r t .
H o s t - c o u n t r y p a r t i c i p a t i n g o r g a n i z a t i o n s are s e l e c t e d o n t h e
b a s i s o f i n t e r e s t , need, i d e n t i f i a b l e c o n s t r a i n t s t o p r o d u c t i o n and
u t i l i z a t i o n , and the presence o f a n e x i s t i n g r e s e a r c h program w i t h
wh i ch t o deve lop s u i t a b l e c o l l a b o r a t i o n . I n Sou theas t A s i a t h e
c o u n t r i e s i n v o l v e d a r e : T h a i l a n d and the P h i l i p p i n e s ; i n A f r i c a :
S e n e g a l , M a l i , Upper V o l t a , N i g e r , N i g e r i a , and Sudan; and i n t h e
C a r i b b e a n : T r i n i d a d .
The c o l l a b o r a t i n g i n s t i t u t i o n s i n T h a i l a n d are t he Depar tment
o f A g r i c u l t u r e , K a s e t s a r t U n i v e r s i t y , and Khon Kaen U n i v e r s i t y . I n
the P h i l i p p i n e s c o l l a b o r a t i o n i s w i t h t he U n i v e r s i t y o f t he
P h i l i p p i n e s a t Los Bafios and the I n s t i t u t e o f P l a n t B r e e d i n g ,
t h r o u g h t h e P h i l i p p i n e s C o u n c i l f o r A g r i c u l t u r e and Resources
Research and Deve lopment .
Research Projects
Four r e s e a r c h p r o j e c t s are c u r r e n t l y under way i n t he P h i l i p p i n e s
and T h a i l a n d . Each p r o j e c t i n v o l v e s work i n bo th c o u n t r i e s .
1 . "Peanut V a r i e t a l Improvement f o r T h a i l a n d and the P h i l i p p i n e s . "
Johny C . Wynne, P r i n c i p a l I n v e s t i g a t o r , N o r t h C a r o l i n a S t a t e
U n i v e r s i t y . The o b j e c t i v e s are t o deve lop c u l t i v a r s w i t h
d e s i r a b l e agronomic t r a i t s o f h i g h y i e l d , e a r l y m a t u r i t y ,
d r o u g h t t o l e r a n c e , and r e s i s t a n c e t o r u s t , l e a f s p o t s , and
A s p e r g i l l u s f l a v u s . Coope ra t i ve e f f o r t s w i t h t he two f o l l o w i n g
p r o j e c t s w i l l deve lop c u l t i v a r s r e s i s t a n t t o i n s e c t s and h i g h i n
n i t r o g e n - f i x a t i o n c a p a c i t y .
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2. "Management of Arthropods on Peanuts in Southeast Asia." w.V.
Campbell, Principal Investigator, North Carolina State
University. The objectives are to evaluate groundnut germplasm
for insect resistance, determine the damage potential and
population dynamics of important insects, determine the effect
of cultural practices on insect populations, establish insect
damage thresholds, and develop a p i lo t pest management system.
3. "Rhizobia and Mycorrhizae Influence on Nitrogen Fixation and
Growth of Peanut in Thailand and the Philippines."
A. Rhizobia Considerations. G.H. Elkan, Principal
Investigator, North Carolina State University. The
objectives are to identify rhizobial strains effective in
symbiosis with local groundnut cul t ivars, study the effect of
flooding on the survival of rhizobia, determine the effect of
so i l stresses (acid i ty , high Al and low P) on nitrogen
f ixa t ion , and select germplasm/rhizobia tolerant of these
conditions, and determine the efficacy of inoculants prepared
using strains ident i f ied as being effective with local
cul t ivars.
B. Mycorrhizae Considerations. Ruth Ann Taber, Principal
Investigator, Texas A&M University. The objectives are to
maximize groundnut production through manipulation of the
microbial inhabitants of the roots; survey endomycorrhizal
fungi in the rhizosphere of groundnut; co l lect , develop
inoculation techniques, and test fungal isolates; evaluate
the effectiveness of selected mycorrhizal fungi for
al leviat ing sa l in i ty , drought, and flooding stresses and for
improved phosphorus uptake; and determine if mycorrhizal
fungi can give groundnut protection against soil-borne
diseases.
4. "Appropriate Technology for Storage/Util ization of Peanut."
Tommy Nakayama, Principal Investigator, University of Georgia.
The objectives are to survey the food consumption patterns of
groundnut, devise appropriate technology for groundnut storage,
and enhance u t i l i za t ion by the introduction/development of new
food forms of the crop.
Summary
The Peanut CRSP is based on four premises.
1. Collaboration: a partnership beneficial to the host countries
and the USA.
2. Research: to provide solutions to production and u t i l i za t ion
constraints.
3. Support: to provide technical advice, t ra in ing, and funding.
4. Program: to coordinate the constituent projects within the
overall Program.
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